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1. 

ELECTRONIC RATE METER CONTROLLER 
AND METHOD 

CROSS REFERENCES 

U.S. Pat. No. 5,260,875, issued to David S. Tofte on Nov. 
9, 1993, is herein incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to a system for the moni 
toring and control of farm implements, and more particu 
larly to a controller, which can be used to automate control 
of anhydrous ammonia or other materials, through existing 
manually operated rate meters, in a stand-alone or network 
environment. 

BACKGROUND OF THE INVENTION 

Manually-controlled rate meters are commonly used to 
control the flow of materials, particularly liquids, through a 
system. One example of a system in which rate meters are 
utilized is a sprayer system in agricultural implements which 
apply fertilizers, pesticides, herbicides, and other agricul 
tural chemicals ("agents') to fields. 
One agent that has proven especially difficult to control 

with a manually-controlled rate meter is anhydrous ammo 
nia (NH3). Nevertheless, commercial farmers have increas 
ingly relied on applications of anhydrous ammonia as a 
source of nitrogen for their crops. Anhydrous ammonia is 
stored in a pressure vessel or nurse tank in its liquid form due 
to its own vapor pressure at its boiling point. Since anhy 
drous ammonia, as a liquid under pressure, vaporizes at 
approximately 28°F, it is difficult to measure and control. 
A common sprayer system application of anhydrous 

ammonia is accomplished by a tractor pulling a tool bar with 
at least one manually-controlled rate meter for metering the 
flow of anhydrous ammonia into a plurality of knifed 
injectors. The tool bar is attached to a nurse tank housing the 
anhydrous ammonia and has connections to the nurse tank 
that allow the flow of anhydrous ammonia from the nurse 
tank through the manually-controlled rate meter on the tool 
bar. 
The vapor pressure in the nurse tank provides the energy 

to move the anhydrous ammonia through the system. As 
liquid anhydrous ammonia moves through the system it 
experiences a pressure drop which results in a temperature 
drop and more vapor. The pressure drop, which causes 
vaporization, decreases the energy available to move the 
anhydrous ammonia, resulting in a lower application rate. In 
addition to vapor pressure changes, the application rate is 
also affected by changing vehicle speeds. When the vehicle 
moves faster, the same amount of anhydrous ammonia is 
applied over a larger area. When the vehicle slows down, the 
same amount of anhydrous ammonia is applied over a 
Smaller area. 
The lack of effective control of the application of anhy 

drous ammonia or other agents because of changing vehicle 
speed and changing system pressures results in either an 
over-application or an under-application of the agent. This 
can cause Substantial reductions in crop-yields. 

Several fully integrated metering control systems cur 
rently exist that allow for automatic compensation for speed 
and pressure changes. Examples of such devices include 
U.S. Pat. No. 5,170,820 issued to James S. Jones and U.S. 
Pat. No. 4458,609 issued to David S. Tofte. U.S. Pat. No. 
5,170,820 uses a throttling device, a ground speed sensor, an 
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2 
ammonia flow reader, and hardware that interfaces with 
existing microprocessors on the vehicle to send control 
signals to adjust the throttling device for controlling the 
application rate of anhydrous ammonia based on the sensed 
ground speed and sensed flow rate. U.S. Pat. No. 4,458,609 
uses aheat exchanger attached to a flow control valve, a flow 
sensor and a control console, with automatic controls that 
can be responsive to the ground speed of the vehicle and the 
sensed flow rate of the anhydrous ammonia, for sending 
control signals to adjust the valve to the desired application 
rate of anhydrous ammonia. 

Although these inventions address the problems encoun 
tered by an apparatus that uses manually controlled rate 
meters, they require replacement of the existing applicator 
equipment or extensive plumbing changes to be made to the 
applicator apparatus, which can be quite expensive. They do 
not, therefore, provide a practical solution to those farmers 
that currently use applicators having manually operated rate 
meters which need a simple controller that does not require 
plumbing changes and that provides automatic adjustments 
to the manually operated rate meters while in operation. 
Two commonly used manually controlled rate meters for 

anhydrous ammonia include meters manufactured by Con 
tinental and sold under model number C4100 and B9500. 
These manually-controlled rate meters attempt to maintain a 
constant pressure of the anhydrous ammonia as it flows 
through the system. However, the mechanical rate meters 
respond slowly to changing air temperatures, which cause 
changing tank pressures. Low air temperatures cause the 
pressure in the nurse tank to drop, resulting in less energy to 
move the anhydrous ammonia through the system and 
hence, a lower application rate. In addition, the rate meter 
offer no compensation for any fluctuations in vehicle speed 
result in an inconsistent application rate per ground area 
covered. 

Application rates for the Continental Meters are manually 
adjusted by the operator, by moving an external rate meter 
control device, typically a rotary dial, to set the application 
rate to a desired level of nitrogen per hour. The operator 
determines the nitrogen level setting by using a preprinted 
chart that indicates the appropriate nitrogen setting based on 
the vapor pressure in the nurse tank and the anticipated 
speed at which the vehicle will be moving. Another manu 
ally operated rate meter as disclosed in U.S. Pat. No. 
4,364,409 issued to James S. Jones, has a calibration dial to 
set the application rate to a predetermined level of anhy 
drous ammonia per hour based on a choice of two different 
vapor pressures. 

Although operators can calibrate manually controlled rate 
meters to compensate for vehicle speed and vapor pressure 
prior to application, manually controlled rate meters respond 
slowly to varying ambient air temperatures. Furthermore, 
manually-controlled rate meters do not automatically com 
pensate for varying vehicle speeds nor do they allow for 
changes to the application rate. While the application rate as 
set by the operator may be accurate under constant tempera 
ture and speed conditions, such ideal conditions are rarely 
present. Temperature and speed fluctuations are routine in 
agricultural applications. In order to keep the application 
rate consistent when using manually controlled rate meters, 
the operator must stop the vehicle and manually adjust the 
rate meter control device as the temperature changes or the 
Speed changes. 

In addition to the need for a simple controller that allows 
automatic control of manually operated rate meters, there is 
a need to integrate the controller with other agricultural 
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control systems. Typically, farm implements are controlled 
by the operator of the agricultural vehicle to which the 
implements are attached or coupled. For example, planting 
and spraying systems have evolved for controlling and 
monitoring planting and spraying implements, respectively. 
As is detailed in U.S. Pat. No. 5,260,875 filed Aug. 20, 1991, 
issued Nov. 9, 1993, and assigned to same assignee, which 
is hereby fully incorporated by reference, these systems have 
for the most part evolved separately. 

U.S. Pat. No. 5,260,875 details the shortcomings of prior 
art integrated agricultural control systems, stating that such 
control systems still require a separate planting controller for 
planting systems and a spraying controller for spraying 
systems. Before U.S. Pat. No. 5,260,875, mechanisms for 
the sharing of information gathered during each operation or 
the incorporation of shared information to improve imple 
ment control were generally not available. The separation of 
the two functions means that either individual passes must 
be made through a field for planting, fertilizing and pesticide 
application or the application vehicle must be cluttered with 
a multitude of incompatible controller equipment, each with 
its own unique calibration, maintenance and operational 
needs. 

Furthermore, separate cables must be routed from each 
system component to its associated controller. The result is 
a jumble of wiring and reduced system reliability. Sensors 
that are to be used by more than one system must by 
necessity be connected to each system. As the types of 
sensors used in spraying and planting increase in number 
and the sensors become more complex, the information they 
generate could be profitably shared by many applications, 
but cannot be shared without further increasing the com 
plexity, and potential misconnection and other wiring prob 
lems, of wiring. 
The 5,260,875 patent addresses this perceived need by 

providing a distributed controller system which uses a 
half-duplex serial line as a bus that can be used to transfer 
commands, status and data between all controllers in a 
planting and spraying system. A bus master connected to the 
serial line synchronizes each controller to the network while 
a base console coordinates the operation of each planting 
and spraying system and presents a simple, uniform user 
interface. Separate system controllers operate in conjunction 
with system accessory modules to control the components of 
each planting and spraying system. 

In such systems, communication and control cabling for 
the components is simplified by terminating such cables at 
accessory modules located close to the components herein 
controlled. Data related to each component is then trans 
ferred from the accessory modules to the controllers on the 
single serial line. 

This separation of the accessory modules from their 
associated controllers provided in the 5,260,875 patent leads 
to efficient and logical system partitioning. Accessory mod 
ules can be placed in close proximity to the components they 
control while base and subsystem controllers are placed 
close to the user. The result is an integrated network of 
controllers for the monitoring and control of an agricultural 
planting and spraying system. A system can be partitioned 
into one or more planting, spraying and monitoring sub 
systems with each subsystem controlled by a subsystem 
controller. A half-duplex serial communications network 
connects the subsystem controllers to each other and to a 
base console which coordinates the user interface. A bus 
master synchronizes message traffic on the network by 
periodically sending a synchronizing message to the con 
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4 
trollers. In operation, each subsystem controller monitors 
traffic on the network to determine when to read data on the 
network and when to drive data onto the network. Data 
present on the network can be read by more than one 
controller at a time. This simplifies the sharing of informa 
tion present on the network. What is needed is a way to bring 
the integration of the above system to anhydrous ammonia 
spraying systems. 

SUMMARY OF THE INVENTION 

The present invention addresses and resolves many of the 
shortcomings of prior art applicator systems by providing an 
electronic control system that can be used with existing 
applicator systems having manually controllable rate meters 
for controlling the rate of material being dispensed or 
applied by the applicator. The present invention particularly 
applies to agricultural applicators, both those which apply 
fluid materials and dry or granular materials, but is particu 
larly useful for the application of anhydrous ammonia. As 
discussed above, the application of anhydrous ammonia is 
particularly sensitive to pressure changes within the appli 
cator system, which can rapidly change with variances in 
environmental conditions such as the ambient air tempera 
ture. The invention is also particularly attractive to users and 
owners of existing applicator systems having manual rate 
meters, since the mechanical and electrical components of 
the present invention can be readily retrofitted to existing 
applicators without requiring replacement of their rate 
meters, changes to the plumbing of liquid applicators or any 
fundamental mechanical changes to dry material applicators. 
The principles of the present invention can be applied to 
applicators having any type of mechanically controllable 
rate meters, the most common of which are controlled by 
linear or rotary movement. Once applied to an existing 
mechanically controllable applicator, the present invention 
enables a single operator or user to pull the applicator behind 
a tractor or the like and to continuously make real-time 
changes to the rate meter setting without interrupting the 
application process and without leaving the cab of the 
tractor. 

The present invention also is particularly applicable to 
automated control of the applicator's rate meter by using 
appropriate environment or parameter sensors such as a 
vehicle speed sensor, temperature sensors, pressure sensors, 
or the like. By setting a desired application rate into the 
electronic control apparatus of this invention, and by sensing 
changes in real-time parameters such as speed and tempera 
ture, the electronic control functions of the present invention 
automatically change the rate meter settings to accommo 
date real-time changes in the sensed parameters. The present 
invention is also particularly adaptable for use with larger 
integrated agricultural systems such as described in U.S. Pat. 
No. 5,260,875, and also readily accommodates applicator 
systems having multiple rate meters, either all of the same 
configuration or differing in configuration. 

Thus, according to one aspect of the invention there is 
provided an electronic rate meter controller for operative 
connection to a manually-controllable rate meter for auto 
matic control of the rate meter. An actuator means is 
provided for connection to a primary control member of the 
rate meter and for receiving electrical control signals that 
indicate the appropriate adjustments to the primary control 
member. An electronic control means is provided for elec 
trical connection to the actuator and for providing the 
appropriate control signals to the actuator. 
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According to another aspect of the present invention 
constructed in the same way, it is provided that the electronic 
control means consists of processor means, memory means, 
user interface means, and actuator interface means. The 
processor means is connected to the memory means for 
accessing program code and data used in generating elec 
trical control signals and used in generating status and 
control information. The processor means is connected to 
the user interface means for providing status and control 
information for display purposes related to the application of 
material whose flow is metered by the rate meter, and for 
receiving user input information for enabling remote user 
control of the rate meter. The processor means and the 
actuator means are connected to the actuator interface means 
which conditions and transmits the electrical control signal 
from the processor means to the actuator means, and which 
conditions and transmits an actuator status signal from the 
actuator means to the processor means. 

According to a yet another aspect of the present invention 

10 

15 

constructed in the same manner, one or a plurality of sensor 
means are provided for sensing certain changing outside 
parameters and for generating electrical sensor signals to the 
electronic control means indicative of the sensed paran 
eter(s). Such sensors may include ambient air temperature, 
vehicle speed, or system pressure. The present invention can 
use such sensors in any combination, and is not limited to 
these particular sensors. For each sensor means, a corre 
sponding program means is provided for execution by the 
processor means, responsive to the appropriate electrical 
sensor signal, for generating an electrical control signal to 
the actuator means adjusted for the sensed parameter. In one 
embodiment of the invention, if multiple sensors are used 
with the rate meter controller, the corresponding program 
means is executed by the processor means, responsive to all 
of the associated sensors, for generating an electrical control 
signal to the actuator means adjusted for all of the associated 
sensed parameters. 

According to a further aspect of the present invention 
constructed in the same manner, a run/hold sensor means is 
provided for sensing an on state or an off state of the rate 
meter and for sending an electrical signal indicative of the 
state of the rate meter to the electronic control means. A 
corresponding program means is provided for execution by 
the processor means for computing the total area over which 
material metered by the rate meter was applied. 

According to yet a further aspect of the present invention 
constructed in the same manner, an actuator feedback 
means, electrically connected between the electronic control 
means and the actuator means, is provided for generating an 
actuator status (or feedback) signal representing the real 
time position of the primary control member and for trans 
mitting the actuator status signal to the electronic control 
means. A corresponding program means is further provided 
for execution by the processor means for displaying on the 
user interface means a representation of the real-time cali 
bration setting of the rate meter. 

In accordance with another aspect of the present inven 
tion, a system for managing a plurality of agricultural 
devices is provided. In one configuration, the system 
includes a user interface means for displaying status and 
control information associated with the agricultural devices 
and for receiving user input information controlling opera 
tion of the agricultural devices. The system also includes an 
electronic integrated system control means, electrically con 
nected between the user interface means and the agricultural 
devices, for identifying each agricultural device to be man 
aged, for storing program code and data, for accessing stored 
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6 
program code and data associated with each identified 
agricultural device, for receiving user input information 
from the user interface means, for generating electrical 
control signals controlling the agricultural devices, and for 
providing status and control information to the user interface 
means. One subsystem of the electronic integrated system 
control means is a rate meter controller, for operative 
connection to a manually-controllable rate meter for auto 
matic control of the rate meter. An actuator means is 
provided for connection to a primary control member of the 
rate meter and for receiving an electrical control signal that 
indicates the appropriate adjustment to the primary control 
member. An electronic control means is provided for elec 
trical connection to the actuator for providing the appropri 
ate electrical control signals to the actuator, and for com 
municating with other control devices within the integrated 
system. 

In accordance with yet another aspect of the present 
invention a method is provided for controlling an applicator 
connected rate meter to control the flow rate of material 
through the rate meter. The rate meter is of a type that has 
a manually adjustable primary control member that changes 
the flow rate of material through the rate meter when 
adjustably moved. The method includes the steps of sensing 
changes in at least one parameter, providing an electrical 
input signal in response to the sensed parameter changes; 
electronically providing a control signal, that varies in 
real-time with changes in the sensed parameters, in response 
to said electrical input signal; converting said control signal 
to a calibrated mechanical force; and automatically moving 
the primary control member in response to the calibrated 
mechanical force, thereby changing the flow rate of the rate 
meter in real-time response to changes in said parameters. 

In accordance with a further aspect of the present inven 
tion a method of retrofitting an applicator apparatus for 
control by an electronic control means, without altering the 
plumbing or material applicator portions of the system, is 
provided. The applicator apparatus is of a type having a 
manually controllable rate meter with a primary control 
member that controls the rate of material flow through the 
applicator apparatus system by adjustment to the primary 
control member. The method includes the steps of providing 
an electronic control means that produces an electrical 
control signal that characterizes the desired user real-time 
control of the rate meter, providing an actuator that responds 
to the received electrical control signal and produces a 
calibrated mechanical output force, operatively connecting 
the electronic control means with the actuator for transmit 
ting the electrical control signal to the actuator; securing the 
actuator in operative proximity to the primary control mem 
ber of the rate meter; and operatively connecting the primary 
control member to move in response to the calibrated 
mechanical output force. 
While the present invention is described in association 

with a particular type of rate meter the invention is not 
limited to the use of such rate meters described. Further, 
while the invention is described with respect to its use in 
applying anhydrous ammonia, it will be understood that the 
principles of the invention apply equally well to any type of 
liquid or dry material whose flow is controlled by a manually 
controllable rate meter. In addition, while the invention is 
described with respect to a magnetic speed sensor, it will be 
understood that various other types of speed sensors may be 
effectively utilized within the principles of the present 
invention. Also, while the invention assumes the use of 
ambient air temperature sensors, it is understood, and 
described, that pressure sensors may be utilized in place of 
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or in addition to the temperature sensors for compensating 
for system pressure. While the invention assumes the use of 
two identical rate meters within a particular applicator 
apparatus, it will be understood that the principles of the 
present invention permit the use of one or a plurality of rate 
meters, either being of the same or of different type. Finally, 
while the invention is described in relation to a rate meter for 
a typical anhydrous ammonia applicator system, the inven 
tion is not limited to such applicator systems and it will be 
known that the invention applies to other types of dispensing 
systems, such as a direct injection system or the like. These 
and other features of the invention will become apparent to 
those skilled in the art upon a more detailed description of 
a preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

Referring to the Drawing, wherein like numerals repre 
sent like parts throughout the several views: 

FIG. 1 is a plumbing diagram representative of a typical 
anhydrous ammonia agricultural applicator apparatus, illus 
trating a typical rate meter as a part thereof; 

FIG. 2 is a functional block diagram of a first embodiment 
of an electronic rate meter controller of the present invention 
illustrating its applicability to controlling two different rate 
meters, 

FIGS. 3(a) and 3(b) are perspective views from opposite 
sides of an actuator and a first embodiment of its associated 
housing and brackets of the electronic rate meter controller 
of FIG. 2, illustrated as operatively connected to control a 
model C4100 Continental rate meter, 

FIG. 4 is an enlarged view of the rotary calibration dial 
portion of the rate meter of FIG. 3; 

FIG. 5(a) is an exploded view of the actuator bracket 
portion of the actuator of FIG. 3; 

FIG. 5(b) is an exploded view of the actuator bracket 
portion of the actuator of FIG. 3, illustrated in operational 
relation to the rate meter and horizontally rotated relative to 
FIG. 3; 

FIG. 6 is an exploded view of a run/hold sensor bracket 
portion of the first actuator of FIG. 3, illustrated in opera 
tional relation to the run/hold sensorportion of the meter and 
vertically rotated with respect to FIG. 3; 

FIGS. 7(a) and 7(b) are perspective views from different 
angles of an actuator and a second embodiment of its 
associated housing and brackets of the electronic rate meter 
controller of FIG. 2, illustrated as operatively connected to 
control a model B9500 Continental rate meter; 

FIG. 8 is an enlarged view of the rotary calibration dial 
portion of the rate meter of FIG. 7; 

FIG. 9 is an exploded view of the actuator bracket portion 
of the actuator of FIG. 7, illustrated in operational relation 
to the rate meter and vertically rotated relative to FIG. 7; 

FIG. 10 is a diagrammatic view of one embodiment of a 
magnetic sensor apparatus that could be used for providing 
the speed sensor input function illustrated in FIG. 2; 

FIG. 11 is an electrical block diagram of a preferred 
embodiment of the Accessory Module portion of the elec 
tronic rate meter controller of FIG. 2; 

FIG. 12 is an electrical block diagram of a preferred 
embodiment of one Actuator portion of the electronic rate 
meter controller of FIG. 2; 

FIG. 13 is an electrical block diagram of a preferred 
embodiment of the Console Module portion of the electronic 
rate meter controller of FIG. 2; 
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8 
FIG. 14 is an electrical schematic diagram of a preferred 

configuration for the Servo Driver Disconnect functional 
block of FIG. 11; 

FIG. 15 illustrates an electrical schematic diagram of a 
preferred configuration for one Actuator portion of FIG. 2 
and illustrated in electrical block diagram form in FIG. 12; 

FIG. 16 is a functional block diagram of the electronic 
rate meter controller system of FIG. 2, illustrating its use 
with an integrated agricultural planting and spraying system 
of the type disclosed in U.S. Pat. No. 5,260,875; 

FIG. 17 is a mechanical drawing of a preferred configu 
ration of a controller console of the present invention, 
illustrating an LCD display and switches useful in display 
ing information related to operation and control of the 
controller and allowing user interaction; 

FIG. 18 illustrates a flow chart functionally describing the 
primary program flow for the Console Module portion of the 
electronic rate meter controller of the previous figures; 

FIGS. 19(a)-190b) collectively illustrate a flow chart 
functionally describing the program flow for the normal 
mode routine of FIG. 18; 
FIG.20 illustrates a flow chart functionally describing the 

primary program flow for the Accessory Module portion of 
the electronic rate meter controller of the previous figures; 
and 
FIGS. 21(a)-21(b) collectively illustrate a flow chart 

functionally describing the program flow for the normal 
mode routine of FIG. 20. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is preferably utilized in an agricul 
tural sprayer system for applying anhydrous ammonia that 
utilizes a rate meter such as the Continental Meter C4100 or 
the Continental Meter B9500 for attempting to maintain a 
constant pressure of anhydrous ammonia, and thus a con 
stant application rate, as it flows through the rate meter. 
However, one skilled in the art will appreciate that the 
principles of the present invention may be applied to other 
types of liquid applicators or dry material applicators whose 
application rates can be manually controlled by an existing 
rate meter. 

A typical agricultural anhydrous ammonia applicator 
apparatus 5 is shown in FIG.1. A tractor 10 is connected to 
pull a tool bar 11 for transporting the tool bar 11 across a 
field. Multiple applicator knives 12 are attached to the tool 
bar 11 for applying the anhydrous ammonia to the ground. 
The tool bar 11 is operatively connected to and tows a nurse 
tank 13, which houses and supplies the anhydrous ammonia. 
Appropriate plumbing generally illustrated at 15 connects 
the nurse tank 13 to a manifold 14. The manifold 14 has the 
proper number of pipes or tubes 16 to connect the manifold 
14 to the multiple applicator knives 12. For clarity, only 
several of the applicator knives 12.1, 12.2, 12.3, 12.4 and 
pipes or tubes 16.1, 16.2, 16.3, 16.4 are respectively shown 
connected in FIG. 1. Disposed in the nurse tank 13 and 
initiating the flow of ammonia from the nurse tank 13 is a 
withdrawal valve 17. The withdrawal valve 17 is operatively 
connected in series to a hose connection 18, a hose valve 19, 
a safety coupler 20, a rate meter 30 and the appropriate 
intermediate plumbing 15 to the manifold 14. 

It will be appreciated by those skilled in the art that 
multiple rate meters 30 of the same or varied configurations 
can be used with such applicators. In most primitive appli 
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cator apparatuses the rate meter could simply be a metering 
valve. In more sophisticated systems, the rate meter may 
itself be capable of some automated adjustments to com 
pensate for such variables as ambient air temperature or 
other variable parameters. In a direct injection system, for 
applying liquid substances not necessarily anhydrous 
ammonia, the rate meter may be simply an adjustable orifice 
with a T-bar or other mechanism that allows manual adjust 
ment. Large applicators often simultaneously require several 
rate meters to accommodate the desired application volume 
of anhydrous ammonia that is applied to the field. 
The rate meter(s) 30 of the prior art generally allow an 

operator to manually set the application rate of the anhy 
drous ammonia in pounds of nitrogen per hour, but do not 
have automated adjustment capabilities that allow for auto 
matically changing the application rate in response to real 
time changes in parameters such as ambient temperature and 
tractor speed. The rate meter 30 helps to maintain the 
anhydrous ammonia at a constant pressure when it flows 
through the applicator apparatus 10. Although the rate meter 
30 allows the operator to manually set the application rate of 
anhydrous ammonia, rate meters 30 generally respond 
slowly to changing tank pressure which can result, for 
example, from changing ambient air temperature. The colder 
the day, the lower the pressure and the greater the percentage 
of vapor in the system. Thus, the colder the day, the less 
energy that will be available to move the anhydrous ammo 
nia through the system. The slow, and sometimes inaccurate 
response by known rate meters 30 to the lower tank pressure 
caused by lower ambient air temperature, can result in an 
under-application of the anhydrous ammonia. Alternatively, 
as the ambient air temperature increases, the tank pressure 
rises, providing more energy for moving the liquid anhy 
drous ammonia through the system. If the rate meter 30 
slowly or inaccurately compensates for such increased tank 
pressure, over-application of the anhydrous ammonia can 
result. 

Rate meters of the prior art typically do not compensate 
for ground speed changes by the tractor 10. If the tractor 
increases its speed, the applicator apparatus 5 will continue 
to apply the same amount of anhydrous ammonia, but the 
tractor will be covering a larger amount of ground. Thus, 
increased tractor speed will result in under-application of the 
anhydrous ammonia. Alternatively, as tractor speed 
decreases, the application rate of anhydrous ammonia con 
tinues at its presetrate, but the tractor will cover less ground. 
Therefore, decreased tractor speed typically results in an 
over-application of anhydrous ammonia. Such manually 
adjustable rate meters 30 do not automatically compensate 
for tractor speed changes. 
The tractor operator does have the option of manually 

adjusting the rate meter 30 to compensate for changing air 
temperatures and changing vehicle speeds. However, in 
order to do this, the operator, if alone, must stop the tractor 
10 and manually adjust the rate meter 30. It is time con 
suming and virtually impossible for the operator to maintain 
a consistent application rate using this procedure. Further 
more, this procedure exposes the operator to the elements 
every time he or she has to adjust the rate meter 30. This 
problem is exacerbated if the operator has two or more rate 
meters 30 on the applicator apparatus 10. Alternatively, two 
or more operators can be used for the application process, 
one to drive the tractor 10 and one or more to continuously 
adjust the rate meter(s) 30. However, this procedure is 
extremely inefficient and generally not practical. 

While the prior art has attempted to address the need to 
compensate for changing ambient air temperatures and 
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10 
vehicle speeds when applying anhydrous ammonia, such 
prior art generally requires the farmer to discard parts of his 
or her anhydrous ammonia applicator apparatus 5, specifi 
cally, parts of, or the entire rate meter portion of the system. 
The farmer must also make plumbing changes to the appli 
cator apparatus 5 in order to accommodate the prior art 
systems which compensate for temperature changes and 
vehicle speed changes. In addition, the cost of replacing 
existing rate meters 30 with prior art systems that automati 
cally compensate for temperature changes and vehicle speed 
changes is often prohibitive. Thus, the operator is by neces 
sity often left with the undesirable option of continuing to 
use his existing rate meter(s) 30 and periodically of manu 
ally adjusting them in an attempt to compensate for tem 
perature changes and vehicle speed changes in order to 
attempt to maintain a consistent anhydrous ammonia appli 
cation rate. 
The present invention addressed the above shortcomings 

of prior art applicators for anhydrous ammonia and other 
substances which require real-time adjustment of the sub 
stance application rate in response to continuously changing 
parameters that directly affect the application rate. The 
present invention provides an automated electronic meter 
control system that an operator can use with his existing 
applicator system, without requiring him to discard portions 
of his system (such as existing rate meters) and which 
requires no plumbing changes to be made to the system. The 
present invention simply retrofits to the operator's existing 
system and continuously controls and adjusts the application 
rate in response to changing conditions (such as ambient 
temperature and tractor speed), by continuously changing 
the application rate setting of the existing system's rate 
meter(s) in response to sensed signals representative of such 
changing conditions. As will become apparent upon a more 
detailed description of the invention, the principles of the 
present invention may be used with application systems 
having any type of manually-adjustable rate meters, and 
may be used to simultaneously control a plurality of rate 
meters of the system. In particular, while not described 
herein, the present invention may be used with the previ 
ously mentioned direct injection system, for applying liquid 
substances not necessarily anhydrous ammonia. The rate 
meter of the direct injection system may be simply an 
adjustable orifice, which the present invention controls by 
operative connection to a manually-adjustable T-bar or other 
mechanism. 

Although the embodiments described herein assume that 
multiple rate meters used in the applicator apparatus will be 
of the same type, the principles of the present invention are 
broad enough to cover a controller that simultaneously 
controls the operation of different types of rate meters. 
Further, the present invention can be readily applied to 
"integrated' agricultural systems such as disclosed in U.S. 
Pat. No. 5,260,875, which as previously noted is herein 
incorporated by reference. 
A preferred embodiment of an electronic rate meter 

controller configured according to the principles of the 
present invention is illustrated at 200 in FIG. 2. The rate 
meter controller 200 is configured for use in simply retro 
fitting an applicator apparatus 10 of the type shown in FIG. 
1, and is applicable to such systems that employ one or a 
plurality of rate meters 30. The controller 200 generally 
includes an accessory module 210 connected to a console 
module 250 by means of a signal flow path or bus 206. As 
will be readily understood by those skilled in the art, the 
terminology "signal flow path" is generally used to refer to 
an operative communication path between components, 
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whether electrical or mechanical, wherein such signal flow 
path may represent a single wire, a plurality of wires, a 
signal bus, a conduit or mechanical linkage, or the like. 
The accessory module 210 includes a speed input port 235 

for receiving an electric input signal by means of a speed 
signal flow path 237 from a speed sensor 90. The accessory 
module 210 can accommodate a plurality of rate meters 30, 
as previously described, each having associated therewith an 
identifiable actuator 50 for adjustably controlling the volume 
flow setting of the corresponding rate meter 30. In the 
preferred embodiment of the invention, and for simplicity of 
description, the accessory module 210 and the present 
invention will hereinafter be described as operatively con 
trolling only two actuators 50.1 and 50.2, which are opera 
tively connected to two rate meters 30.1 and 30.2 respec 
tively. Accordingly, the accessory module 210 has two 
actuator control and feedback output/input ports 221.1 and 
221.2 for sending control signals to and for receiving 
feedback signals from the actuators 50.1 and 50.2 by means 
of control and feedback signal flow paths 222.1 and 222.2 
respectively. The accessory module 210 further has two 
temperature input ports 226.1 and 226.2 operatively con 
nected to receive sensed temperature signals from a pair of 
temperature sensors 85.1 and 85.2 by means of temperature 
signal flow paths 227.1 and 227.2 respectively. The tem 
perature sensors 85.1 and 85.2 each provide a sensed tem 
perature associated with a nurse tank 13 and correspond 
respectively to one of the actuators 50.1 and 50.2. The 
accessory module 210 also has two "run/hold' input ports 
236.1 and 236.2 respectively connected by means of run/ 
hold signal flow paths 238.1 and 238.2 for receiving signals 
from a pair of run/hold sensors 82.1 and 82.2 respectively. 
Additional input signals may be provided to the accessory 
module 210 to provide other appropriate information appli 
cable to control of the rate meters, such as pressure infor 
mation. Such alternative input signals are represented in 
FIG. 2 by the dashed pressure sensors 86.1 and 86.2, which 
communicate to pressure input ports 232.1 and 232.2 of the 
accessory module 210 by means of pressure signal flow 
paths 233.1 and 233.2 respectively. Those skilled in the art 
will readily recognize other possible input parameters and 
appropriate sensors suitable for accomplishing the function 
of providing sensed input signals to the accessory module 
210. 

The controller 200 and related input and output functions 
illustrated in FIG. 2 are configured for mounting on a tractor 
and/or the trailing applicator apparatus, generally of the type 
illustrated in FIG. 1. Power for the controller 200 and other 
electrical components in the system is generally designated 
by (V+). It will be understood that the (V+) designation 
generally represents whatever appropriate voltage is 
required for energizing the various circuit components 
throughout the system. In FIG. 2 the power (V+) is illus 
trated as connected to the console module 250, and can be 
provided by means of a battery which can also be the battery 
servicing the tractor 10. While it is not shown, it will be 
readily understood by those in the art that, in addition to 
providing power and ground to the console module 250 and 
its associated electrical circuitry, appropriate power and 
ground are also provided to all other electrical circuity 
within the controller 200, including the accessory module 
210, the actuators 50, and all sensor inputs, by means of a 
signal flow path or bus, with appropriate cabling. In addi 
tion, the accessory module 210, the console module 250 and 
the actuators 50 have the necessary voltage regulators, 
filtering, and network protection circuitry required for oper 
ating all of the electrical components within the controller 
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200, details of which will not be provided herein, but which 
are clearly understood by those skilled in the art. 

In the preferred embodiment, the console module 250 is 
configured for mounting on the tractor 10 so as to be readily 
accessible to the tractor's operator during the application 
process. The accessory module 210 is configured in the 
preferred embodiment for mounting to the applicator appa 
ratus being towed by the tractor, and preferably on the tool 
bar 11 or to the nurse tank 13 or its supporting structure. The 
console module 250 and accessory module 210 are opera 
tively connected to one another by means of appropriate 
cabling and/or connectors which comprise in part the bus 
206. The speed sensor 90 is operatively mounted to a 
non-driven wheel of the system, and in the preferred 
embodiment, preferably to a front wheel of the tractor 10. 
The temperature sensors 85 are preferably mounted adjacent 
the rate meters 30 or nurse tanks 13 which they service, so 
as to accurately reflect the ambient temperature to which the 
anhydrous ammonia within the tanks and/or their associated 
plumbing 15 is subjected. The run/hold sensors 82 are 
operatively mounted to the rate meters 30 with which they 
are respectively associated, to provide an indication status of 
the operative mode of the rate meters 30. The actuators 50 
are configured for mounting to the respective rate meters 30 
which they are to control, as hereinafter described in more 
detail. In the preferred embodiment, the signals received by 
the accessory module 210 from the speed sensor 90 and the 
run/hold sensors 82 are typically digital in nature; whereas 
those signals associated with the temperature sensors 85, the 
pressure sensors 86 and the actuators 50 are generally of an 
analog nature, as is discussed in more detail hereinafter. 
The actuators 50 convert control signals received from the 

accessory module 210 into mechanical forces that control 
lably rotate manual rate adjustment valves (not shown) of 
the rate meters 30 to which the actuators are operatively 
mechanically connected. FIGS. 3-6 collectively illustrate 
the mechanical connections of one embodiment of the 
present invention to a first rate meter 30. The rate meter 30 
shown in FIGS. 3(a) and 3(b) is representative of a model 
C4100 meter manufactured and sold by Continental NH 
Products Co., Inc., of Dallas, Tex., which is a popular rate 
meter used in agricultural applicators for anhydrous ammo 
nia. The rate meter 30 has a housing 36 for directing fluid 
flow therethrough generally extending between an inlet port 
30a and an outlet port 30b (shown in FIG. 6). That portion 
of the rate meter housing adjacent the inlet port defines a 
hydraulic valve 33 that is selectively operable to fully open 
and close fluid flow through the rate meter 30. The hydraulic 
valve 33 is operatively connected to an externally extending 
first hydraulic valve flag 34 which is physically rotatable to 
indicate an "opened” or "closed” condition of the hydraulic 
valve 33. The hydraulic valve flag 34 is a flat, generally 
square-shaped piece of material that rotates 90 degrees with 
the valve 33 movement. 

Fluid flows through the hydraulic valve 33 and conduit 35 
to the metering portion, generally designated at 36, of the 
rate meter 30. The metering function of the rate meter 30 is 
internally performed by means of a movable element or 
elements (not shown) that accurately regulate the instanta 
neous volume of fluid flowing through the rate meter 30 in 
response to rotatable movement of a meter shaft, generally 
indicated at 37. The meter shaft 37 is manually rotatable 
about its axis to enable accurate manual control of the 
volume of anhydrous ammonia flowing through the rate 
meter 30, and therefore, enables control of the application 
rate for anhydrous ammonia by the applicator system. A 
rotary calibration dial 31 is fixedly secured to the meter shaft 
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37 external of the housing 36, and rotates with the meter 
shaft 37 to provide for precise manual angular movement 
and positioning of the meter shaft 37, thereby enabling 
precise manual control of the metering flow of annonia 
through the rate meter 30. A circular upper knob32, sized for 
ease of gripping is also fixedly secured to the meter shaft 37 
near its top end and axially spaced from and above the rotary 
calibration dial 31, and permits an operator to apply the 
mechanical forces necessary to rotate the meter shaft 37 to 
its desired rate of application position. 
An enlarged view of the rotary calibration dial 31 of the 

model C4100 Continental rate meter is illustrated in FIG. 4, 
wherein the calibration settings are depicted at 31a. The 
calibration settings 31a on the rotary calibration dial 31 
correspond to different sizes of an orifice (not shown) 
defined inside the rate meter housing 36 as determined by 
the rotational position of the meter shaft 37. The calibration 
settings 31a are shown in increments of 100 pounds of 
nitrogen per hour, up to 4100 pounds of nitrogen per hour. 
The rotary calibration dial 31 also contains a pressure 
multiplier table 31b based on pressure in the system with 
which the rate meter 30 is used. Additional information on 
the model C4100 rate meter can be obtained by reference to 
the published product specification and assembly/disassem 
bly sheets available from the manufacturer, Continental NH 
Products Co., Inc., for this meter, which are hereby incor 
porated by reference to the extent that they may be required 
for a more detailed understanding of the meter. 

Referring to FIG. 3(a), the actuator 50 is generally 
indicated as having upper and lower housing portions 64 and 
65 respectively that are bolted together at their respective 
housing rims 66 and 67 to define an internal cavity (not 
shown) that houses a servo motor 57 and its associated drive 
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and interface circuitry, hereinafter described in more detail. 
Electrical power and communication are provided to the 
servo motor 57 and circuits within the actuator 50 by means 
of the signal flow path wiring harness 222. The servo motor 
57 is secured within the actuator housing cavity and has a 
movable shaft 57a extending for rotation through the upper 
housing portion 64, as best illustrated in FIG.3(b). A circular 
upper knob 69, fixedly secured to the servo motor shaft 57a 
near its top end, rotates with the servo motor shaft 57a and 
is constructed such that it permits the connection of a hose 
clamp or compression-type clamp. 
The present invention contemplates placement and 

mounting of the actuator 50 of the invention to and/or in 
close proximity to the rate meter 30 such that its servo motor 
57 can be operated to accurately control movement of the 
rate meter shaft 37. To achieve this end, the preferred 
embodiment uses a bracket configuration specifically 
designed to accommodate and mount the actuator 50 for 
connection to the rate meter 30. 
The actuator bracket 60 has an upper, generally horizontal 

plate portion 60a and a downwardly, generally vertical plate 
portion 60b. Plate portions 60a and 60b are welded together 
to form a rigid structural support (see FIG. 5(b)). The upper 
housing portion 64 of the actuator 50 is firmly bolted to the 
upper plate portion 60a of the bracket 60 by means of a 
plurality of threaded bolt members extending through holes 
60a.1, 60a.2, 60a.3 and 60a.4 (see FIG. 5(b)) formed in the 
upper plate 60a. The upper plate 60a has a circular opening 
60a.5 (see FIG. 5(a)) therethrough that coaxially aligns with 
and is sized large enough to allow free movement of the 
rotatable servo motor shaft 57a when so secured. The upper 
plate portion 60a includes an L-shaped mounting flange 60c 
having three mounting holes 60c.1, 60c.2 and 60c.3 formed 
therethrough. FIG. 5(b) illustrates mounting of the actuator 
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bracket 60 to the rate meter 30. The L-shaped mounting 
flange 60c of the actuator bracket 60 is fastened to the 
housing 36 of the rate meter 30 by fastening three screws 
61.1, 61.2 and 61.3 through the three mounting holes 60c.1, 
60c.2 and 60c.3 respectively and into three cooperatively 
aligned threaded holes 36.1, 36.2 and 36.3 (hole 36.3 
generally designated in FIG. 5(a)) in the housing 36. 
Movement of the rate meter shaft 37 in response to 

movement of the servo motor shaft 57a is accomplished by 
means of a mechanical linkage assembly, illustrated in 
FIGS. 3 and 5. Referring thereto, a rate meter coupler 
member 51 is mechanically secured to the shaft 37 for 
rotation therewith between the rotary calibration dial 31 and 
the upper knob 32. In the preferred embodiment, the rate 
meter coupler member 51 is secured to the rate meter shaft 
37 by means of a hose clamp or compression-type clamp 
connector that prevents slippage between the clamp and rate 
meter shaft 37 when securely fastened. The unsecured, distal 
end of the rate meter coupler member 51 has a receptor hole 
formed therethrough to accept a pivotal pin connector 
assembly 52. A similar coupler member, referred to as the 
motor coupler member 55, is secured to the circular upper 
knob 69 of the actuator rotating servo motor shaft 57a (in 
manner similar to that described for the rate meter coupler 
member 51) for rotation therewith, and at a position above 
the general plane of the upper plate portion 60a. The 
unsecured, distal end of the motor coupler member 55 has a 
receptor hole formed therethrough to accept a pivotal pin 
connector assembly 54. The rate meter coupler member 51 
secured to the rate meter shaft 37, and the motor coupler 
member 55, secured to the circular upper knob 69 of the 
servo motor shaft 57a, are unimpeded by other obstructions 
and are generally positioned in the same plane to allow 
cooperative rotation of the respective shafts 37 and 57a to 
which they are attached. An actuator arm linkage rod 53 is 
connected at its opposite ends to the coupler members 51 
and 55 through the holes in their distal ends by means of the 
pin connector assemblies 52 and 54 respectively, that allow 
the ends of the rod 53 to freely pivot about the vertical axes 
of the pin assemblies 52 and 54 relative to the distal ends of 
the coupler members. Therefore, as the servo motor shaft 
57a turns, the motor coupler 55 rotates therewith, causing 
the actuator arm linkage rod 53 to move and to transmit a 
force to the rate meter coupler 51, causing its attached rate 
meter shaft 37 to rotate by a corresponding amount, thereby 
changing the application rate calibration setting and appli 
cation rate of the rate meter 30. Precise control of the rate 
meter 30 can thus be achieved by precisely controlling 
energization of the servo motor 57 and resultant movement 
of its shaft 57a. 

It will be appreciated by those skilled in the art that the 
mechanical coupling and control by the servo motor 57 of 
the rate meter could also be accomplished wherein the rate 
meter embodiment comprised an independently operable 
rate meter control device having an embodiment other than 
a rotary calibration dial, secured to and rotated by a rotatable 
meter shaft. For example, the rate meter controller could be 
operatively connected to a meter having a linear calibration 
lever assembly or a T-bar assembly. 
As shown in FIG. 6, the invention also includes a run/hold 

sensor bracket 62 configured for mounting to the hydraulic 
valve portion 33 of the rate meter 30. The base portion 62a 
of the run/hold sensor bracket 62 is bolted to the hydraulic 
valve 33 by fastening three screws 63.1, 63.2 and 63.3 
through three spaced holes 62a.1, 62a2, and 62a.3 respec 
tively, located in the base portion 62a of the run/hold sensor 
bracket 62, and into three aligned threaded holes 33.1, 33.2 
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and 33.3 respectively in the hydraulic valve housing. The 
upwardly extending portion 62b of the run/hold sensor 
bracket 62, oriented for addressing the hydraulic valve flag 
member 34, allows the flag member 34 to move freely 
without contact with the run/hold sensor bracket 62. A 
magnet 83 is attached to a corner of the hydraulic valve flag 
34 as shown in FIG. 6. FIGS. 3(a) and 3(b) show the 
run/hold magnetic sensor 82 mounted through a hole 62b.1 
(see FIG. 6) located in the upwardly extending portion 62b 
of the run/hold sensor bracket 62, near and in alignment with 
the hydraulic valve flag 34 to sense rotational movement of 
the valve flag 34. 
The temperature sensor 85 is illustrated in FIGS. 3(a) and 

3(b). In the preferred embodiment, the temperature sensor 
85 is mounted through a hole 60b.1 located in the actuator 
bracket 60 near one edge thereof, as shown in FIGS. 5(a) 
and 5(b). 

FIG. 5(a) also shows an actuator bracket calibration hole 
60a.6 located in the upper plate portion 60a of the actuator 
bracket 60. In the preferred embodiment, during calibration 
of the electronic rate meter controller 200, the pivotal pin 
connector assembly 54 must be aligned with the actuator 
bracket calibration hole 60a.6, in order to properly position 
the angular rotation of the servo motor shaft 57a. 
As previously discussed, the electronic controller of the 

present invention can be used to control a number of 
different types and styles of rate meters. By way of further 
example, the rate meter 30' shown in FIGS. 7(a) and 7(b) is 
representative of a second type of rate meter with which the 
present invention may be used. Rate meter 30' is a model 
B9500 meter, also manufactured and sold by Continental 
NH, Products Co., Inc., and is also used in agricultural 
applicators for anhydrous ammonia. The model B9500 rate 
meter 30' has generally, the same functional components as 
the model C4100 rate meter 30, but differs in its metering 
capabilities and general physical configuration. For ease of 
description, functional components of the rate meter 30' 
which are generally the functional equivalents of those of 
rate meter 30, will be described by the same numerical 
designations used for rate meter 30, followed by a "prime' 
(i.e., ") designation. Rate meter 30' generally has an inlet port 
30a, an outlet port30b, a housing 36', a rotatable rate meter 
shaft 37", a rotary calibration dial 31', a circular upper knob 
32, a hydraulic valve 33", and a hydraulic valve flag 34'. 
However, the physical configuration of the B9500 rate meter 
30' components differ somewhat from those of the model 
C4100 rate meter 30. Whereas the rate meter shaft 37 of the 
rate meter 30 extends generally vertically from the rate 
meter 30 (FIGS. 3), with its rotary calibration dial 31 and 
upper knob 32 axially aligned on the shaft 37. With com 
parable operative positioning of the rate meter 30, its shaft 
37 extends generally horizontally from the rate meter 30' 
with its rotary calibration dial 31' and upper knob 32' axially 
aligned with the horizontally positioned shaft 37" (FIGS. 7). 
The hydraulic valve portion 33' of the rate meter 30' also 
differs in orientation and direction of flow from its counter 
part valve 33 of the rate meter 30. Whereas the hydraulic 
valve flag 34 of the rate meter 30 extends generally hori 
Zontally from the hydraulic valve 33 (FIGS. 3), the hydraulic 
valve flag 34 of the rate meter 30' extends generally 
vertically from the hydraulic valve 33' (FIGS. 7). Further, 
whereas the range of calibration settings 31a of the rate 
meter 30 are shown in increments of 100 pounds of nitrogen 
per hour up to 4100 pounds of nitrogen per hour, referring 
to FIG. 8, the calibration settings 31a' of the rate meter 30" 
are shown in increments of 100 pounds of nitrogen per hour 
up to 6500 pounds of nitrogen per hour. 
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The differing physical embodiment of the B9500 rate 

meter 30' requires a modified physical embodiment of 
actuator housing and brackets in order to properly align the 
actuator 50' for controlling movement of its rate meter shaft 
37. Referring to FIGS. 7(a) and 7(b), an actuator 50' is 
generally indicated as having inner and outer housing por 
tions 64 and 65", respectively, that are bolted together at 
their respective housing rims 66" and 67" to define an internal 
cavity (not shown) that houses a servo motor 57 and its 
associated drive and interface circuitry. Actuator 50' is 
basically the same in construction and function as its coun 
terpart actuator 50 previously described, and uses the same 
drive and interface circuitry as the actuator 50 hereinafter 
described in more detail. Electrical power and communica 
tion are provided to the servo motor 57 and circuits within 
the actuator 50' by means of the signal flow path wiring 
harness 222. The servo motor 57' is secured within the 
actuator housing cavity and its movable shaft 57a' extends 
for rotation through the inwardly directed portion 64 of the 
housing, as best illustrated in FIG.7(a). A circular knob 69', 
fixedly secured to the distal end of shaft 57a"rotates with the 
shaft 57a' and is constructed such that it permits the con 
nection of a hose clamp or other compression-type clamps 
thereto. 

In order to mount the actuator 50' of the invention to the 
rate meter 30' such that its servo motor 57 can be operated 
to accurately control movement of the rate meter shaft 37, 
the preferred embodiment uses a specifically designed 
bracket configurations (70' and 72) to accommodate and 
operatively mount the actuator 50' for connection to the rate 
meter 30'. The brackets 70 and 72 are designed specifically 
for the physical configuration of the B9500 rate meter 30'. It 
will be apparent to those skilled in the art that the varying 
physical embodiments of rate meters will require different 
physical bracket configurations in order to accommodate 
and mount the accompanying actuator for operative connec 
tion to the rate meter. 

In the preferred embodiment, the actuator bracket 70 has 
an upper, generally horizontal plate portion 70a, an upper, 
generally vertical plate portion 70b generally perpendicular 
to and extending along the entire length of the upper 
horizontal plate portion 70a, and a lower, generally vertical 
plate portion 70c extending generally perpendicular to the 
upper horizontal plate portion 70a and rotated 90° from the 
upper vertical plate portion 70b. Plate portions 70a, 70b and 
70c are welded together to form a rigid structural support 
(see FIG. 9). The inner housing portion 64 of the actuator 
50' is firmly bolted to the lower vertical plate portion 70c of 
the actuator bracket 70 by means of a plurality of threaded 
bolt members extending through holes 70c.1, 70c.2, 70c.3 
and 70c:4 (see FIG.9) formed in the lower plate portion 70c 
of the actuator bracket 70. The lower plate portion 70c has 
a circular opening 70c.5 therethrough that coaxially aligns 
with and is sized large enough to allow free movement of the 
rotatable servo motor shaft 57a' of the servo motor 57 when 
so secured. The upper horizontal plate portion 70a defines a 
generally C-shaped mounting flange at one end having two 
mounting holes 70a.1 and 70a.2 formed therethrough. FIG. 
9 illustrates mounting of the actuator bracket 70 to the rate 
meter 30'. The upper horizontal plate portion 70a of the 
actuator bracket 70 is fastened to the housing 36 of the rate 
meter 30' by fastening two screws 71.1 and 71.2 through the 
two mounting holes 70a.1 and 70a.2, respectively and into 
two cooperatively aligned threaded holes 33.1' and 33.2 
(hole 33.2 not illustrated) in the hydraulic valve 33'. In 
addition, an L-shaped support bracket 72 is fastened to the 
housing 36 of the bottom side of the rate meter 30' by 
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fastening two screws 73.1 and 73.2 through two mounting 
holes 72.1 and 72.2, respectively and into two cooperatively 
aligned threaded holes 36.1' and 36.2 (not illustrated) in the 
bottom side of the rate meter housing 36". The unsecured leg 
of the L-shaped bracket 72 extends generally vertically 
upward between the rate meter 30' and the lower plate 
portion 70c of the actuator bracket 70 and has an elongated 
mounting slot 72.3 formed therethrough. The L-shaped 
bracket 72 and the actuator bracket 70 are secured together 
by fastening a bolt 74 through the elongated mounting slot 
72.3 of the bracket 72 and into a cooperatively aligned 
threaded fastening hole 70c.6 in the lower plate portion 70c 
of the actuator bracket 70. When the brackets 70 and 72 are 
securely mounted to the rate meter 30' as above described, 
the actuator 50' carried by the bracket 70 is oriented relative 
to the rate meter 30' such that the axes of the servo motor 
shaft 57a' and the meter shaft 37" are aligned spaced and 
parallel to one another and project in opposite directions as 
illustrated in FIG. 7(a). 
Movement of the rate meter shaft 37" in response to 

movement in the servo motor shaft 57a' is accomplished by 
means of a mechanical linkage assembly that is constructed 
and arranged in the same manner as the mechanical linkage 
assembly used for connecting the actuator 50 to the rate 
meter 30. The mechanical linkage assembly connected to the 
rate meter 30' is illustrated generally in FIGS. 7(a) and 7(b). 
Referring thereto, a rate meter coupler member 51' is 
mechanically secured to the rate meter shaft 37 for rotation 
therewith, between the rotary calibration dial 31' and the 
circular end knob 32". The coupler member 51' is secured to 
the rate meter shaft 37 by use of a hose clamp or compres 
sion-type clamp connector to prevent slippage between the 
clamp and shaft. The unsecured, distal end of the rate meter 
coupler member 51' has a receptor hole formed therethrough 
to accept a typical pivotal pin connector assembly 52. A 
similar coupler member referred to as the motor coupler 
member 55", is secured to the circular end knob 69' of the 
rotating actuator servo motor shaft 57a' (in a manner similar 
to that described for the rate meter coupler member 51") for 
rotation therewith, and at a position axially spaced from the 
lower vertical plate portion 70c of the actuator bracket 70. 
The unsecured, distal end of the motor coupler member 55 
has a receptor hole formed therethrough to accept a pivotal 
pin connector assembly 54 (not illustrated). The motor 
coupler member 55", secured to the circular end knob 69 of 
the servo motor shaft 57a', and the rate meter coupler 
member 51, secured to the rate meter shaft 37", are unim 
peded by other obstructions and are generally positioned in 
the same plane to allow precise cooperative rotation of their 
respective shafts 57a' and 37 to which they are attached. An 
actuator arm linkage rod 53' is connected at its opposite ends 
to the coupler members 51' and 55' through the holes in their 
distal ends by means of pin connector assemblies 52' and 54, 
respectively, that allow the ends of the rod53' to freely pivot 
about the respective horizontal axes (as illustrated in FIG. 
7(a)) of the pin connector assemblies 52 and 54, relative to 
the distal ends of the coupler members 51' and 55'. There 
fore, as the servo motor shaft 57a' turns, the motor coupler 
55 rotates therewith, causing the actuator arm linkage rod 
53' to pivot about the horizontal axis of the pin connector 
assembly 54 and to transmit a force to the rate meter coupler 
51' causing its attached rate meter shaft 37 to rotate by a 
corresponding amount, thereby changing the application rate 
calibration setting and application rate of the meter. Precise 
control of the rate meter 30' can be achieved by precisely 
controlling energization of the servo motor 57 and resultant 
movement of its shaft 57a' and its attached circular end knob 
69'. 
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As shown in FIG. 7(b), the upper generally vertical plate 

portion 70b of the actuator bracket 70, when mounted to the 
rate meter 30', is oriented to address the hydraulic valve flag 
member 34, and allows the flag member 34 to move freely 
without contact with the bracket 70. A magnet 83' is attached 
to a corner of the hydraulic valve flag 34' as shown in FIG. 
7(b). The upper plate portion 70b has a hole 70b.1 formed 
therethrough near and in alignment with the hydraulic valve 
flag 34, through which a run/hold magnetic sensor 82 is 
mounted to sense rotational movement of the hydraulic 
valve flag 34'. The run/hold magnetic sensor 82 is posi 
tioned such that the hydraulic valve flag 34' and its attached 
magnet 83' freely rotate without contact with the run/hold 
magnetic sensor 82. 
A temperature sensor 85 is illustrated in FIG. 7(a). In the 

preferred embodiment the temperature sensor 85 is mounted 
through a hole 70c.7 in the lower generally vertical portion 
70c of the actuator bracket 70. 

FIG. 9 shows an actuator bracket calibration hole 70c.8 
located in the lower generally vertical portion 70c of the 
actuator bracket 70. During calibration of the electronic 
meter controller in the preferred embodiment, pivotal pin 
connector assembly 54 must be aligned with the actuator 
bracket calibration hole 70c.8 in order to properly position 
the angular rotation of the servo motor shaft 57a'. 

FIG. 10 represents one embodiment, of the magnetic 
speed sensor 90, for sensing the speed of the tractor 10 
relative to the surface to which the metered ammonia is 
being applied. The magnetic speed sensor 90 is mounted to 
the non-rotatable portion of a non-driving wheel 95 either of 
the tractor 10 or of the applicator apparatus 10. Preferably, 
one of the front wheels of the tractor would be used. A 
plurality of magnets 92, are secured to magnet clips 93 
which are secured to the hub 94 at equally angularly spaced 
positions about the central hub axis. Only three magnets 
92.1, 92.2, 92.3 of the total number thereof and their three 
corresponding magnet clips 93.1, 93.2, 93.3, are shown in 
FIG. 10 and referenced in this discussion. It will be under 
stood that any number of such magnets may be placed 
around the wheel hub 94 so long as they are spaced far 
enough apart so as to be distinctly identifiable by the speed 
sensor 90. A speed sensor bracket 98, as shown in FIG. 10, 
is mounted to the wheel assembly 96 and defines an exten 
sion that projects outwardly from the wheel assembly 96 and 
toward the magnets 92. The speed sensor 90 is mounted to 
the speed sensor bracket 98 extension such that the sensor 90 
addresses the magnets perpendicularly or within a viewing 
range of 45° from the perpendicular axis. The sensor 90 
provides a sensed pulse output signal to the controller each 
time one of the magnets 92 passes its viewing position. 
Those skilled in the art will appreciate that the speed sensor 
bracket 98 and the magnet clips 93 can be designed to 
accommodate different styles of wheel hubs and wheel 
assemblies and sensors having different magnetic viewing 
angles. Furthermore, the means for sensing the speed of the 
tractor 10 or applicator is not limited to a magnetic speed 
sensor. Alternatively, a user of the present invention can use 
alternate ultrasonic speed sensor or a radar detector for 
sensing the speed of the tractor 10. A magnetic speed sensor, 
however, is a relatively inexpensive method for sensing 
tractor speed and transmitting the sensed speed to the rate 
meter controller. 
A more detailed description of the primary functional 

blocks, namely the accessory module 210, the actuator 50, 
and the console module 250 of the rate meter controller 200 
of this invention is had with reference to FIGS. 11 through 
13. FIG. 11 illustrates an electrical block diagram of the 



5,574,657 
19 

accessory module 210. Referring to FIG. 11, the accessory 
module 210 is generally shown as having a processor 211 
operatively connected to a memory 213, an EEPROM 212, 
a communication port circuit 214, an A/D converter 223, a 
control and feedback interface 218, and a buffer and filter 
interface 234. 
The processor 211 and its associated EPROM memory 

213 and EEPROM 212 can be of any type well known in the 
art. Detailed descriptions thereof will not be included herein, 
it being understood from the broad descriptions provided 
herein that those skilled in the art would be able to configure 
appropriate processor networks to accomplish the principles 
of this invention as further described herein. In the preferred 
embodiment, the processor 211 is an 8-bit microprocessor 
from the Intel 8051 family of microcontrollers, and is 
connected through its "0" and ports by means of an address 
bus, generally designed at 240, to the EPROM memory 213 
and through two serial lines emulating an I°C bus, generally 
designated by the signal flow path 241, to the EEPROM 212. 
The two serial lines are assigned to two pins of port "1" of 
the processor 211. Program code and data used in operation 
of the accessory module 210 are stored in memory 213 and 
in the EEPROM 212 and are accessed by the processor 211 
by means of the signal flow paths 240 and 241 respectively, 
in a manner well known in the art. The processor 211 is 
operatively connected to run at 12 MHZ. For a more detailed 
description of the processor 211, its typical use and appli 
cations, the reader is referred to the 1991 edition of 8-Bit 
Embedded Controllers available from Intel Corporation, 
herein incorporated by reference to the extent needed for a 
better understanding of processors such as the microproces 
sor 211 in general. Further general information regarding an 
I°C bus such as bus 241 can be found in Section 3 of the 
Linear Data Manual, Vol. 2, Industrial, published in 1988 by 
Signetics. 
The control and feedback interface 218 has a first control 

signal input 219.1 and a second control signal input 219.2 
for receiving a first pulse width voltage input and a second 
pulse width voltage input from the processor 211 by means 
of a first and second control signal flow path 220.1 and 220.2 
respectively. The signal flow paths 220.1 and 220.2 are 
respectively connected to pins 4 and 5 of port “1” of the 
processor 211. The control and feedback interface 218 
converts each voltage input from the processor 211 to a 
current, representing position commands for rotating the 
first and second servo motors 57.1 and 57.2 respectively. In 
the preferred embodiment, the control and feedback inter 
face 218 converts each voltage input from the processor 211 
to a current within the range of three to thirteen milliamps. 
The control and feedback interface 218 has the first control 
and feedback output/input port 221.1 and the second control 
and feedback output/input port 221.2 for transmitting a 
current control signal to the first actuator 50.1 by means of 
the first control and feedback signal flow path 222.1 and for 
transmitting a current control signal to the second actuator 
50.2 by means of a second control and feedback signal flow 
path 222.2. The same control and feedback output/input 
ports 221.1 and 221.2 are also respectively utilized for 
receiving a voltage feedback signal from the first actuator 
50.1 by means of the first control and feedback signal flow 
path 222.1 and for receiving a voltage feedback signal from 
the second actuator 50.2 by means of the second control and 
feedback signal flow path 222.2. The control and feedback 
interface 218 adjusts the voltage feedback signals to a 
voltage level that the A/D converter 223 can process. 
The A/D converter 223 has a first adjusted feedback input 

port 224.1 and a second adjusted feedback input port 224.2 
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for receiving adjusted feedback signals respectively by 
means of a first adjusted feedback signal flow path 225.1 and 
a second adjusted feedback signal flow path 225.2, from the 
control and feedback interface 218. The A/D converter 223 
also has the first temperature input port 226.1 and the second 
temperature input port 226.2 for receiving temperature sig 
nals, representing the voltage drops across the first and 
second temperature sensors 85.1 and 85.2, respectively, by 
means of the first temperature signal flow path 227.1 and a 
second temperature signal flow path 227.2. The A/D con 
verter 223 converts the analog adjusted feedback signals and 
the temperature signals to digital data for use by the pro 
cessor 211. The processor 211 sends control signals on an 
A/D control signal flow path 228 to a polling input port 229, 
for polling the A/D converter 223. The processor 211 polls 
the A/D converter 223 every 128 milliseconds. The proces 
sor 211 also has an A/D data input 230 for receiving a serial 
pulse train representative of the converted temperature sig 
nals from the temperature sensors 85.1 and 85.2, and the 
converted feedback signals from the actuators 50.1 and 50.2, 
by means of an A/D data signal flow path 231. In the 
preferred embodiment, the signal flow paths 228 and 231 are 
connected to pins 1 and 3 respectively of port “1” of the 
processor 211. Pin 2 of port “1” of the processor 211 is also 
connected by means of the signal flow path 228 to the A/D 
converter 223 for sending "test' calibration signals to the 
A/D converter circuits. 

In the preferred embodiment, the pressure sensors 73.1 
and 73.2 are not utilized because of their high cost and the 
necessity of plumbing the pressure sensors 73.1 and 73.2 
into the anhydrous ammonia line. Alternatively, the pre 
ferred embodiment utilizes temperature sensors such as 85.1 
and 85.2 for measuring the ambient air temperature and 
converts such ambient air temperature to pressure. However, 
it will be obvious to those skilled in the art that either the 
pressure sensors and/or the temperature sensors can be used 
effectively in the present invention for determining pressure 
within the applicators system and adjusting the calibration 
dial position accordingly. If pressure sensors 73.1 and 73.2 
are utilized in the present invention, the A/D converter 223 
will receive the pressure signals at the pressure input ports 
232.1 and 232.2 by means of the pressure signal flow paths 
233.1 and 233.2, respectively. The A/D converter 223 will 
convert the pressure signals to digital data and send the 
digital data to the processor 211 by means of the A/D data 
signal flow path 231. The A/D converter 223 used in one 
embodiment of the accessory control module 210 is the 
Signetics programmable seven-channel RC Encoder, Model 
NE5044D. A/D conversion is well known in the art and 
therefore, it will be obvious to those skilled in the art that 
other methods of A/D conversion could be advantageously 
used to achieve conversion of the analog feedback signals 
and any sensor signals to digital signals for use by the 
processor 211. 
The buffer and filter interface 234 includes the speed input 

port 235, the first run/hold input port 236.1 and the second 
run/hold input port 236.2 for receiving signals from the 
speed sensor 90, the first run/hold sensor 82.1, and the 
second run/hold sensor 82.2, by means of the speed signal 
flow path 237, the first run/hold signal flow path 238.1 and 
the second run/hold signal flow path 238.2, respectively. In 
the preferred embodiment, the buffer and filter interface 234 
consists of three separate circuits connected to each of the 
speed sensor 90, the first run/hold sensor 82.1, and the 
second run/hold sensor 82.2, for removing fast transient or 
static electricity before feeding the input signals to the 
processor 211. Buffer and filter circuitry is well known in the 
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art and it will be obvious to those skilled in the art that other 
methods can be effectively utilized for buffering and filtering 
such digital input signals. The buffered and filtered input 
signals are sent to the processor 211 by means of a sensor 
data signal flow path 239 which consists of three separate 
lines for transmitting each of the sensor inputs to the 
processor 211 individually. In the preferred embodiment the 
speed input signal is applied to the T1 input pin of the 
processor 211, and the first and second run/hold input signals 
are applied to the WR (write enable) and RD (read enable) 
input pins of the processor 211. 
The servo motor disconnectinterface 300, which is shown 

in more detail in FIG. 14 and hereinafter described, has a 
servo motor disconnect input port 301 for receiving control 
signal from the processor 211 by means of a control signal 
flow path 302. The servo motor disconnect interface 300 
sends a signal by means of a disconnect signal flow path 303 
to the actuators 50.1 and 50.2 for disconnecting the ground 
to the actuators 50.1 and 50.2, for preventing rotation of the 
servo motors 57.1 and 57.2 during system power up, during 
power drops, or during particular modes of operation, which 
are discussed hereinafter more fully. The signal flow path 
302 is connected to the T0 pin of the processor 211. 
The communication port circuit 214 is the accessory 

module 210 interface to bus 206. In one embodiment the 
system uses a half duplex serial differential line as the serial 
bus as described in U.S. Pat. No. 5,260,875 and previously 
incorporated herein by reference. One embodiment of a 
communication port circuit that can be used to implement 
the communication port circuit 214 is described and shown 
in U.S. Pat No. 5,260,875. The communication port 214 
receives serial data from the processor 211 by means of the 
transmit signal flow path 215. The communication port 214 
then converts the serial data to a differential signal and 
drives the signals, which correspond to the logic levels 
existing on their inputs, through a standard communications 
network such as a media interface, generally designated at 
203 and onto the bus 206. The communication port 214 
receives differential signals from the bus 206 by means of 
the media interface 207 and converts the differential signals 
to digital levels for sending to the processor 211 by means 
of the receive signal flow path 216. The communication port 
214 also communicates with the processor 211 by means of 
a transmit enable signal flow path 217. In the preferred 
embodiment, the transmit enable signal flow path 217, is 
connected to pin 0 of the processorport “1”, and the transmit 
and receive signal flow paths 215 and 216 respectively are 
connected to the TXD (transmit data) and XD (read data) 
pins of the processor 211. Although the above described 
embodiment of the bus 206 and the communication port 
circuit 214 is described in U.S. Pat. No. 5,260,875, it should 
be obvious to those skilled in the art that other methods of 
a communication interface for serial bus communication 
between processors could be used to effectively achieve 
serial bus intercommunication. It should be further obvious 
to those skilled in the art that methods other than serial bus 
communication could advantageously be used to achieve 
intercommunication between the accessory module 210 and 
the console module 250. However, one advantage of the 
communication system as described in U.S. Pat. No. 5,260, 
875 is the flexibility it provides the present invention for 
retrofitting existing rate meters 30 as an independent system 
or as a subsystem of an integrated agricultural system such 
as disclosed in U.S. Pat. No. 5,260,875. 

Finally, pin RST (reset) and pin INT1 (interrupt) of the 
processor 211 are connected to a power module (not shown) 
for monitoring the power and warning the processor 211 
when power is low and for providing reset capabilities. 
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FIG. 12 illustrates an electrical block diagram represen 

tative of one actuator 50.1 or 50.2. For ease of referencing 
the numbers between different figures, the following discus 
sion will assume that the actuator depicted in FIG. 12 
represents the first actuator 50.1. The actuator 50.1 has a 
servo driver interface 310.1 having a control and feedback 
input/output port 311.1 for receiving control signals from 
and sending feedback signals to the accessory module 210, 
by means of the control and feedback signal flow path 222.1 
The servo driver interface 310.1 adjusts the incoming con 
trol signal which is a current between three and thirteen 
milliamps, for input to an input port 312.1 of a servo driver 
3.14.1 by means of a signal flow path 313.1. In the preferred 
embodiment, the servo driver 314.1 is a Motorola DC servo 
motor controller/driver Model MC3303 ODW. The servo 
driver 314.1 sends a control signal to the servo motor 57.1 
by means of a signal flow path 315.1. The servo motor 
control signal energizes the servo motor 57.1 causing its 
shaft 57a.1 to rotate in the direction and amount indicated by 
the three to thirteen milliamps current signal. The servo 
motor 57.1 is mechanically coupled to a potentiometer 316.1 
by means of potentiometer mechanical coupling generally 
indicated at 317.1. The potentiometer 316.1 detects rotation 
of the servo motor shaft 57a.1 and provides a voltage output 
by means of a potentiometer signal flow path 318.1 to an 
input port 321.1 of a voltage feedback interface 320.1. The 
voltage feedback interface 320.1 provides a buffer for the 
voltage received from the potentiometer 316.1. The voltage 
feedback interface 320.1 then transmits the buffered voltage 
to the servo driver interface 310.1 by means of a voltage 
feedback signal flow path 323.1, and it also transmits the 
buffered feedback voltage to the servo driver 314.1, after 
properly adjusting it for input to the servo driver, by means 
of a signal flow path 324.1. The servo driver interface 310.1 
adjusts the voltage feedback signal received from the volt 
age feedback interface 320.1 to compensate for the current 
flowing into port 311.1 from the accessory module 210. The 
servo driver interface 310.1 then transmits the adjusted 
voltage feedback signal through port 311.1 and signal flow 
path 222.1 to the accessory module 210. 

FIG. 13 illustrates an electrical/functional block diagram 
of a preferred embodiment configured according to the 
principles of the present invention, of the console module 
250. The console module 250 generally includes a processor 
251 operatively connected to a memory 253 and an 
EEPROM 252, a communication port circuit 254, a switch 
interface 260, an LCD display contrast adjuster 266, and an 
LCD display driver 268. In the preferred embodiment, 
processor 251 is an 8-bit microprocessor connected to run at 
12 MHZ, from the Intel 8051 family of microcontrollers. 
Processor 251 is connected through ports "0" and "2" by 
means of an address bus, generally designated at 273 to the 
EPROM memory 253 and through two serial lines emulating 
an IC bus, generally designated by the signal flow path 274, 
to the EEPROM 252 and to LCD driver 268. The two serial 
lines of the IC bus are assigned to two pins of port “1” of 
the processor 251. For a more detailed description of the 
processor 251, its typical use and applications the reader is 
referred to the 1991 edition of 8-Bit Embedded Controllers, 
available from the Intel Corporation, and again incorporated 
herein by reference to the extent needed for a better under 
standing of processors such as the microprocessor 251 
generally. Information on the I™C bus can be found in section 
3 of the Linear Data Manual, Vol. 2, Industrial, published in 
1988 by Signetics. 
Program code and data used in operation of the console 

module 250 are stored in memory 253 and the EEPROM252 
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and are accessed by the processor 251 by means of the signal 
flow paths 273 and 274 respectively in manner well known 
in the art. The processor 251 is connected to the communi 
cation port circuit 254 by means of a transmit signal flow 
path 255, a receive signal flow path 256, and a transmit 
enable signal flow path 257, in the same manner as previ 
ously described with respect to the processor 211 in the 
accessory module 210. In the preferred embodiment, the 
transmit signal flow path 215 is connected to the TXD 
(transmit data) pin of the processor 251, the receive signal 
flow path 256 is connected to the RXD (read data) pin of the 
processor 251, and the transmit enable signal flow path 257 
is connected to one pin of port “1” of the processor 251. The 
communication port 254 is generally of the same configu 
ration and operates in the same manner as previously 
described communication port 214. 
The switch interface 260 is connected to a master switch 

261 and an adjustment switch 262 by means of master 
switch control lines 263.1 and 263.2 and adjustment switch 
control lines 264.1 and 264.2 respectively. The configuration 
of the master switch 261 allows the user to choose between 
two different operational settings 261.1 and 261.3 for select 
ing automatic or manual control of the system. The master 
switch 261 also allows the user to toggle the switch to a 
neutral position 261.2 for changing the display and for using 
during calibration or other modes of operation. The adjust 
ment switch 262 defaults to an inactive position 262.3 for 
sending no signals to the processor 251. The adjustment 
switch 262 is configured to allow the user to manually toggle 
the switch from its default position 262.3 to a positive switch 
position 262.1 and a negative switch position 262.2. Master 
switch position 261.1 and position 261.2, provide an elec 
trical ground to inputs of the switch interface 260 by means 
of the master switch control lines 263.1 and 263.2 respec 
tively. When in position 261.3 the master switch 261 pro 
vides no signal return path for the switch interface 260. 
Similarly, adjustment switch positions 262.1 and 262.2 
provide an electrical ground to the inputs of the switch 
interface 260 by means of the adjustment switch control 
lines 264.1 and 264.2 respectively. When in position 262.3, 
the adjustment switch provides no signal return path for the 
switch interface 260. The switch interface 260 acts as a 
buffer for the signals flowing through the master switch 
control lines 263.1 and 263.2 and the adjustment switch 
control lines 264.1 and 264.2. The switch interface 260 
transmits the buffered signals to the processor 251 by means 
of a switch interface signal flow path 265 that physically 
comprises four separate lines corresponding to signals car 
ried by the signal flow paths 263.1, 263.2, 264.1 and 264.2, 
which are respectively connected to four pins of port "1" of 
the processor 251. 
The processor 211 is also connected to a power module 

(not shown) through pin RST (reset) and pin INT1 (inter 
rupt) for monitoring the power and warning the processor 
251 when power is low and for providing reset capabilities. 
The processor 251 generates an electric control signal for 

adjusting the LCD display contrast by means of LCD 
contrast signal flow path 267 to an LCD display contrast 
adjuster 266 in response to input signals received from 
switches 261 and 262 during calibration of the controller 
200. The signal flow path 267 is connected to the RD (read 
enable) pin of the processor 251. The LCD display contrast 
adjuster 266 transmits a control signal to the LCD display 
driver 268 by means of a signal flow path 269 for adjusting 
the viewing angle voltage for the LCD display 270. 
The LCD display driver 268 receives other control signals 

related to data for displaying on the LCD display 275 from 
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the EEPROM252 and the processor 251 by means of the IC 
bus signal flow path 274. The LCD display driver 268 
controls the LCD display 275 by means of an LCD display 
signal flow path 272. The LCD display 275 and the switches 
261 and 262 collectively represent console module user 
interface 270, for providing interaction between a user and 
the controller 200. 

In an alternative embodiment, the LCD display 275 could 
be implemented with a dot matrix LCD display and driver. 
Dot matrix displays would offer greater flexibility on the 
design and modifications of screen displays but would suffer 
a decrease in viewing angle when compared to the dedicated 
LCD displays described above. A dot matrix LCD display 
would, however, have the added benefit of permitting the 
design of a generic programmable display. 

FIG. 17 generally illustrates one embodiment of the 
console module user interface 270, including the LCD 
display 275 useful in displaying status and information 
related to the rate meter controller 200, and the switches 261 
and 262 useful in providing user interaction with the rate 
meter controller 200. Referring to FIG. 17, during operation 
display 276 shows the expected application rate, display 277 
shows the calibration dial setting, display 278 shows the area 
counter or the total NH used counter, display 282 graphi 
cally shows the nurse tank level, and display 279 shows 
either the speed or the ambient temperature. Display symbol 
280 is a symbol indicating temperature when temperature is 
displayed and display symbol 281 is a symbol indicating 
speed when speed is displayed. Display symbol 283 indi 
cates a hazardous condition exists. Display symbol 284 
indicates that the rate meter controller 200 is in a particular 
sigma mode. Display symbols 285 through 290 appear 
during a calibration mode. Display symbol 285 indicates 
that the rate meter controller 200 is in the calibration mode. 
Display symbol 286 indicates the widths of the implements 
can be entered. Display symbol 287 indicates a delivery 
factor can be entered. Display symbol 288 indicates a speed 
sensor value can be entered. Display symbol 290 indicates 
a delta rate adjustment can be entered. 
The mechanical representations of switches 261 and 262 

are also shown in FIG. 17. The operator symbols 291 
correspond to master switch position 261.1. The operator 
symbols 295 correspond to master switch position 261.2 The 
operator symbols 296 correspond to master switch position 
262.3. The operator symbols 294 correspond to adjustment 
switch position 261.1. The operator symbols 292 correspond 
to adjustment switch position 262.2 The operator symbols 
293 correspond to adjustment switch position 262.3. For 
further information concerning the console displays and the 
switch 261 and 262 functions, the reader is referred to the 
published NH. Automatic Control System Installation and 
Operator's Manual, available from Micro-Trak Systems, 
Inc. of Mankato, Minn. Those skilled in the art will appre 
ciate that various embodiments of the user interface 270 
including the LCD display 275 and the switches 261 and 262 
could be used effectively to allow manual and automatic 
operation of the rate meter controller 200 and to provide 
sufficient status and information to the operator consistent 
with the principles of the present invention. 

FIGS. 14 and 15 illustrate electrical schematic diagrams 
of preferred embodiments of the servo motor disconnect310 
and the actuator 50 portions respectively as previously 
functionally described in FIGS. 11 and 12. Referring to FIG. 
14, the processor 211 of the accessory module 210 generates 
an output voltage at its T0 pin that is applied by means of the 
signal flow path 302 to a negative input 330 of a comparator 
331. The comparator 331 also has a reference voltage input 
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332 and an output 333. The reference voltage 334 is applied 
to the input terminal 332 by means of a resistor 335 
connected to the supply V+. The resistor 335 is also con 
nected in series with a resistor 336 to ground. The output 333 
of the voltage comparator 331 is connected by means of a 
resistor 338 to the supply V+. The output 333 of the 
comparator 331 is also connected to the gate of an n-channel 
power MOSFET 339 with built-in Zener protection which is 
grounded and has its drain connected to ground. The MOS 
FET source is connected by means of the signal flow path 
341 which provides power to the actuators 50. A capacitor 
340 is connected between the MOSFET source and ground. 
The MOSFET 339 acts as a switch and connects the signal 
flow path.341 to ground. When the system is being powered 
up, when power in the system goes low, or during calibration 
mode the MOSFET disconnects the signal flow path 341 
from ground, thereby disabling the actuators 50 and pre 
venting rotation of their respective servo motor shafts 57a. 

FIG. 15 illustrates an electrical schematic diagram of the 
actuator 50 functional blocks of FIG. 12. FIG. 15 illustrates 
the servo driver interface 310, the servo driver 314, the servo 
motor 57, the potentiometer 316, and the voltage feedback 
interface 320. These elements comprise the electrically 
controlled portion of the actuator 50 which controls the 
application rate of a substance flowing through the rate 
meter 30. The control and feedback signal flow path 222 is 
connected by means of a resistor 349 to the collector of an 
npn transistor 346 and is also connected by means of a 
resistor 354 to a non-inverting input 351 of an operational 
amplifier 350. (The emitter of transistor 346 is tied to 
ground.) The non-inverting input 351 of the amplifier 350 is 
also connected by means of a resistor 355 to ground. The 
operational amplifier 350 further has an inverting input 352 
and an output 353. The output 353 of the amplifier 350 is 
connected by means of a resistor 356 to its inverting input 
352. The inverting input 352 of the amplifier 350 is also 
connected by means of a resistor 357 to the collector of 
transistor 346. 
The output 353 of the operational amplifier 350 is further 

connected to pin 1 of a DC servo motor controller/driver 
360. The preferred embodiment utilizes an I.C. MC3303 
DW DC servo motor controller/driver. However, it will be 
apparent to those skilled in the art that other methods could 
be effectively used to control the operation of the servo 
motor 57. Pins 4, 5, 12, and 13 of the driver 360 are 
connected directly to ground. Pin 2 is connected to ground 
through a capacitor 361. Pin 3 is connected to ground 
through a capacitor 362. Pin 6 is an output and is connected 
directly to pin 7 which is an inverting input. Pin 9 is 
connected to ground through a capacitor 363. Pin 11 is 
connected to the vehicle power supply. Pin 15 is connected 
to ground through a resistor 365. Pin 16 is connected to 
ground through a capacitor 366. A capacitor 367 is con 
nected between pins 10 and 14. Pin 10 is also connected to 
ground by a means of a capacitor 368 and to one terminal of 
the servo motor 57. The second terminal of servo motor 57 
is directly connected to pin 14 and is connected to ground by 
means of a capacitor 369. 
The movable shaft of servo motor 57 is mechanically 

coupled to the potentiometer 316 (mechanical coupling not 
shown). The member output 371 of potentiometer 316 is 
connected by means of a resistor 372 to a non-inverting 
input 376 of an operational amplifier 375 and by means of 
a capacitor 373 to ground. The operational amplifier 375 
further has an output 378 and an inverting input 377. A 
resistor 380 is connected between the amplifier's output and 
inverting input. The inverting input 377 of amplifier 375 is 
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connected by means of a resistor 379 to ground. The output 
378 of the amplifier 375 is further connected to an inverting 
input 387 of an operational amplifier 385 by members of a 
resistor 381. The amplifier 385 further has a non-inverting 
input 386 connected to supply V+ through a resistor 390, and 
an output 388 connected to the inverting input 387 of 
amplifier 385 through a feedback resistor 391. The output 
388 of amplifier 385 is further connected to pin 8 of the 
servo motor controller/driver 360. 
The output 378 of operational amplifier 375 is further 

connected by means of a resistor 392 to an inverting input 
397 of an operational amplifier 395. The inverting input 397 
of amplifier 395 is also connected by means of a resistor 394 
to supply V+ and by means of a resistor 393 to ground. The 
amplifier 395 also has a non-inverting input 396 connected 
to ground through a resistor 400 and to the collector of 
transistor 346 through resistor 401. The output of opera 
tional amplifier 395 is connected to the base 348 of transistor 
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346 by means of a resistor 402. 

Integrated Agricultural Planting and Spraying 
System 

The above description portrays the invention in associa 
tion with its "independent' use as a rate meter controller for 
a pre-existing anhydrous ammonia applicator system, 
wherein the electronic rate meter controller operates inde 
pendently of other control functions of the applicator sys 
ten. 

The present invention may also be utilized in an "inte 
grated' agricultural planting and spraying system such as 
generally described in U.S. Pat. No. 5,260,875, issued Nov. 
9, 1993 to Tofte, etal, which is assigned to the same assignee 
as the present invention, and which has been fully incorpo 
rated by reference herein. Use of this invention in such an 
"integrated” system is functionally illustrated in FIG. 16 
wherein the rate meter controller 200 described above forms 
a "subsystem” of the larger "integrated” system 190. A 
summary of the operational configuration of the integrated 
system 190 is provided below. 

Integrated agricultural planting and spraying system 190 
generally includes an integrated network of controllers for 
the monitoring and control of planting and spraying. System 
190 includes abus master 201, a base console 202, a sprayer 
subsystem 203, a planter subsystem 204, a monitor sub 
system 205 and a communications medium such as previ 
ously described bus 206. It will be understood that any 
number of such "subsystems' can be used. In the integrated 
system 190, controller 200 forms one subsystem of the 
integrated system. Elements 201-205 are capable of com 
municating to each other through standard communications 
network connections such as the media interface 207 which 
are operatively connected with the bus 206. Bus master 201 
controls the operation of bus 206 and, in the preferred 
embodiment, serves as the data gathering node for inter 
system communications. 

Base console 202 operates as the primary user interface. 
Base console 202 receives user input and displays system 
status through primary user interface means 208. Sprayer 
subsystem 203 receives spraying instructions entered 
through the base console 202 and controls components of 
the sprayer subsystem 203 in order to execute those instruc 
tions. Likewise, planter subsystem 204 receives instructions 
through base console 202, executes those instructions and 
returns planter subsystem status. Monitor subsystem 205 is 
capable of recording data traffic present on bus 206 and 
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storing the data read from bus 206 to non-volatile memory 
for future playback. In one embodiment, sprayer subsystem 
203 and planter subsystem 204 have separate subsystem user 
interfaces that operate in conjunction with base console 202 
to monitor and control subsystem operation. 

Overall operation of the system is controlled by base 
console 202. Base console 202 may operate in a number of 
modes including normal, calibration, sigma, initialization 
and debug modes. 
Bus master 201 operates in conjunction with base console 

202 to control each of the subsystems in system 190. This 
includes such functions as identifying each sensor device 
and implement to be managed, accessing program code and 
data stored in memory associated with base console 202 to 
operate such sensor device and implement, receiving control 
information from primary user interface 208, displaying 
status through display 208, generating control signals for 
controlling each sensor device and implement and supplying 
these control signals through bus 206 to the appropriate 
device. 

Sensor devices and implements are preferably grouped 
into their respective subsystems and are identified by a 
subsystem code. During initialization, each subsystem con 
troller transfers a subsystem status including a subsystem 
code indicating the type of subsystem (sprayer, planter, 
monitor, etc.) to bus master 201 and base console 202. Bus 
master 201 and base console 202, in turn, record the exist 
ence of that subsystem and control primary user interface 
208 accordingly. Since more than one subsystem of a 
specific type can be connected to system 190 at one time, 
each subsystem is assigned a unique system number. The 
system number is assigned by bus master 201 or by the 
operator. The system number then serves as the identifier for 
all transactions between base console 202, bus master 201 
and a specific subsystem, among others. 

It is contemplated that other subsystems could be added to 
system 190 by connecting them through a standard media 
interface 207, to bus 206. Such types of subsystems could 
include for example, navigation subsystems or system main 
tenance subsystems. 
As shown in FIG. 16, the present invention contemplates 

integration with an integrated agricultural planting and 
spraying system such as system 190. As explained in U.S. 
Pat. No. 5,260,875, in one embodiment of the integrated 
system 190, the bus 206 is a half duplex serial line which 
connects the bus master 201 and the base console 202 in a 
daisy chain fashion, with the sprayer subsystem 203, the 
planter subsystem 204 and the monitor subsystem 205. The 
controller 200 of the present invention is similarly connected 
to the integrated system 190 by connecting the rate meter 
controller console module 250 and the rate meter controller 
accessory module 210 to the bus 206, and to the other 
elements of system 190, through their respective media 
interfaces 207, in daisy chain fashion. The user interface 270 
of the rate meter controller console 250 is used in conjunc 
tion with primary user interface 208 to control the rate meter 
controller subsystem. 
The configuration of the rate meter controller 200 portion 

of the system 190 is the same as previously herein described. 
The rate meter controller accessory module 210 includes a 
speed sensor input 235 for receiving an electric input signal 
by means of a speed signal flow path 237 from a speed 
sensor 90. The integration with system 190, however, allows 
flexibility for connecting the speed sensor 90. Thus, the 
speed sensor 90 alternatively may communicate with the 
base console 202 or with the bus master 201. 
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As previously described, the rate meter controller acces 

sory module 210 can accommodate a plurality of rate meters 
30, each having associated therewith an identifiable actuator 
50 for adjustably controlling the volume flow setting of the 
rate meter 30 to which the actuator is attached. In the 
preferred embodiment the accessory module 210 can accom 
modate two rate meters 30 and their corresponding actuators 
50 and sensors. Accordingly, FIG. 16 shows the accessory 
module 210 with two actuator control and feedback output/ 
input ports 221.1 and 221.2 for sending control signals to 
and for receiving feedback signals from the actuators 50.1 
and 50.2 by means of control and feedback signal flow paths 
222.1 and 222.2 respectively. The accessory module 210 
further has two temperature input ports 226.1 and 226.2 
operatively connected to receive sensed temperature signals 
from a pair of temperature sensors 85.1 and 85.2 by means 
of temperature signal flow paths 227.1 and 227.2 respec 
tively. The temperature sensors 85.1 and 85.2 are associated 
with the ambient air temperature surrounding the rate meters 
30.1 and 30.2 respectively, and their corresponding nurse 
tank 13 and plumbing 15. The accessory module also has 
two run/hold input ports 236.1 and 236.2 respectively con 
nected by means of run/hold signal flow paths 238.1 and 
238.2 to receive signals from a pair of run/hold sensors 82.1 
and 82.2 respectively, for determining the operative state of 
corresponding rate meter 30.1 or 30.2. Pressure sensors 86.1 
and 86.2 may be utilized to provide pressure input signals to 
the accessory module 210, as an alternative to using the 
temperature sensors. 85.1 and 85.2. Such alternative input 
signals are represented in FIG. 16 by the dashed pressure 
sensors 86.1 and 86.2, which communicate to pressure input 
ports 232.1 and 232.2 of the accessory module 210 by means 
of pressure signal flow paths 233.1 and 233.2 respectively. 
Those skilled in the art will readily recognize other possible 
input parameters and appropriate sensors suitable for accom 
plishing the function of providing sensed input signals to the 
accessory module 210. 

Like the independent rate meter controller system, the 
integrated system 190 and related input and output compo 
nents are configured for mounting on a tractor 10 and/or the 
trailing applicator apparatus 5, generally of the type illus 
trated in FIG. 1. Power to the system 190, including the rate 
meter controller subsystem, is provided by a battery con 
nected through heavy gauge wire (not shown) to bus master 
201. In one embodiment, bus master 201 serves as the power 
supply for system 190. System power and system ground are 
transmitted by bus master 201 on interconnected cables. 

In the preferred embodiment of the integrated system 190, 
the base console 202, the rate meter controller console 250, 
and the console modules related to the other subsystems 
connected to system 190 are configured for mounting on the 
tractor 10 so as to be readily accessible to the tractor's 
operator during the application process. The rate meter 
controller accessory module 210 and the accessory modules 
related to other subsystems connected to system 190 are 
preferably configured for mounting on the applicator appa 
ratus being towed by the tractor 10, close to their respec 
tively controlled implements. The base console 202, the rate 
meter controller console 250, the bus master 201, the rate 
meter controller accessory module 210, and other consoles 
and accessory modules related to subsystems connected to 
the system 190, are operatively connected to one another by 
means of appropriate signal flow paths which comprise in 
part cabling and/or connectors and the bus 206. Generally, 
the configuration and mounting of the sensors related to the 
rate meter controller subsystem are generally the same as in 
the independent rate meter controller previously described 
herein. 
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Although it will be appreciated that the integrated agri 
cultural planting and spraying system 190 provides a pow 
erful and flexible control system for integrating the control 
of a wide variety of agricultural implements, one skilled in 
the art will appreciate that a number of different types of 
control systems may be utilized in the control of and 
communication with the rate meter controller subsystem 
disclosed herein. 

Principles of Operation 

In order to better describe the present invention, a dis 
cussion of the logical steps performed by the rate meter 
controller accessory module processor 211 and the rate 
meter controller console module processor 251 will be 
deferred pending a discussion of the principles of operation 
of the various modes of operation of the preferred rate meter 
controller as used independently or in an integrated system. 
The rate meter controller is capable of operating in a 
plurality of modes including, but not limited to normal, 
calibration, sigma, and automatic calibration modes. 

First, the rate meter controller console module 250 and 
accessory module 210 are capable of operation in the 
"calibration mode'. In the independent system embodiment 
of the rate meter controller according to the present inven 
tion, all calibration inputs are entered at the console module 
250 using the two switches 261 and 262. The accessory 
module 210 requires certain inputs from the console module 
250 which are preferably set in the calibration mode or in an 
initialization routine. For instance, during calibration, the 
operator must input the desired target application rate in 
volume of nitrogen per unit area. This input is necessary for 
the accessory module 210 to determine the rate at which the 
rate meter controller will dispense the anhydrous ammonia 
or other agent. The target application rate is typically input 
from the operator in terms of pounds of nitrogen per acre or 
similar dimensional value. 
The operator must enter the "widths' of the implements 

during calibration for each rate meter 30.1 and 30.2. If only 
one rate meter is being used, the second implement width is 
set to zero. The widths of the implements are used in 
calculating the area covered and a linear value of the target 
application rate. 

If the rate meter controller uses a magnetic speed sensor 
90, the operator must also enter a value which represents the 
wheel circumference of the wheel 95 to which the magnetic 
speed sensor 90 is attached. This data allows the accessory 
module 210 to calculate the speed of the vehicle when the 
accessory module 210 receives magnetic pulses from the 
magnetic speed sensor 90. If the rate meter controller uses 
a radar or an ultrasonic speed sensor, then other predeter 
mined values are entered into the console module 250 during 
calibration. 
A "delta rate" adjustment can be entered for enabling the 

console module 250 to determine the amount to increase or 
decrease the target application rate during automatic opera 
tion when the operator uses switch 262 to request a change 
to the target application rate. During manual operation, the 
operator can adjust the target application rate by as little as 
1.0 actual nitrogen per unit area, typically 1.0 pound of 
nitrogen per acre, by toggling the switch 262. 
The operator must also enter values to calibrate the rotary 

calibration dial 31 itself depending on the particular rate 
meter 30 being used. The operator enters a maximum meter 
position corresponding to the particular rate meter being 
used. The rotary calibration dial must be physically set to the 
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maximum meter position. The operator then enters a mini 
mum meter position. The purpose of this calibration is to 
ensure that the rotary calibration dial 31 physically corre 
sponds to the maximum and minimum meter positions 
entered by the operator. In addition, if the particular rate 
meter has calibration settings on its rotary calibration dial 
(or linear lever) that exceed the rotating capacity of the servo 
motor, such as, for example, the Continental Meter C4100, 
the operator must enter the range of calibration settings that 
he or she typically uses. The calibration of the minimum and 
maximum meter positions maintains the rotary calibration 
dials 30.1 and 30.2 within that particular calibrated range as 
they are adjusted by their corresponding servo motors 57.1 
and 57.2 respectively. 

Other values which are preferably entered during calibra 
tion relate to the mechanical aspects of the rate meter 
controller. For example, the operator can input the tank size 
of the applicator apparatus. The controller 200 will then 
keep track of and graphically display how much anhydrous 
ammonia (or other agent) remains in the tank. Another 
value, preferably embodied as a constant, is designated as 
the delivery factor to compensate for uncontrollable vari 
ables encountered during application, such as different 
plumbing sizes in the applicator apparatus. A delivery factor 
can be entered for each meter. 
When the rate meter controller is integrated as a sub 

system with an integrated agricultural planter and sprayer 
system as shown in FIG. 16, the rate meter controller 
subsystem requires inputs from the base console 202 in 
addition to the above mentioned calibration inputs. The 
inputs from the base console 202 are preferably set during a 
calibration mode or an initialization routine. The operator 
must indicate whether the speed sensor 90 is connected to 
the rate meter controller accessory module 210 or if the 
speed sensor 90 is connected to a different module. In 
addition, the operator must enter a system address for 
enabling the integrated system 190 to locate and communi 
cate with the rate meter controller accessory module 210 and 
the rate meter controller console module 250. 

Other calibration inputs utilized by the present invention 
include adjusting the console display contrast, setting a 
security code, and selecting the system units. Those skilled 
in the art will know that many other calibration inputs may 
be useful to the rate meter controller 200 as used in an 
independent or integrated system, and that the scope of the 
present invention is not limited by particular calibration 
inputs. 

Second, the rate meter controller console module 250 and 
accessory module 210 are capable of operation in the "sigma 
mode' in both the independent and integrated system 
embodiments. The sigma mode allows the operator to either 
reset or adjust certain numerical counters in the rate meter 
controller 200. In the Sigma=0 (Reset Mode), the operator 
can use the switches 261 and 262 to reset any of the 
following values to Zero: the total area covered, the nurse 
tank level, and the total NH used. In the Sigma=A (Adjust 
Mode), the operator can use the switches 261 and 262 to 
increase or decrease any of the same values 

Third, the rate meter controller console module 250 and 
accessory module 210 are capable of operation in the 
"automatic calibration mode'. Automatic calibration allows 
the operator to attach an external device, such as a personal 
computer, to the accessory module 250 or to the console 
module 211 for calibration. The external device writes the 
operator input calibration values directly to the accessory 
module memory 213, when the external device is attached to 
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the accessory module 210, and to the console module 
memory 253, when the external device is attached to the 
console module 250. 

Fourth, the rate meter controller accessory module 210 
and the rate meter controller console module 250 are capable 
of operation in the "normal mode”. Within the normal mode, 
the operator has the option of automatic operation or manual 
operation. During automatic operation, the console module 
250 converts the area-based target application rate to a linear 
value by factoring out the width of the implements. The 
console module 250 then increases or decreases the target 
application rate by the delta rate adjustment if the operator 
has toggled switch 262 to indicate such a desired change. 
During data transmission within either the independent or 
integrated systems, the console module 250 transmits the 
linear target application rate (without the implement width 
factor and with a delta rate adjustment if switch 262 was 
toggled) and the delivery factor data to the accessory module 
210. The accessory module 210 automatically adjusts the 
linear target application rate, received from the console 
module 250, to a calibration dial position variable based on 
the speed of the tractor, the pressure in the system which is 
determined using the ambient air temperature, and the 
delivery factor. The calibration dial position variable 
becomes the basis for the accessory module 210 control 
signals to the actuators 50.1 and 50.2 indicating the amount 
and the direction to rotate the servo motors 57.1 and 57.2, 
thereby appropriately calibrating the rate meters 30.1 and 
30.2 respectively. The actuators 50.1 and 50.2 each return a 
feedback signal to the accessory module 210 indicating the 
success of rotating the servo motors 57.1 and 57.2. During 
data transmission, the accessory module 210 transmits suf 
ficient data to the console module 250 for displaying the 
ground area covered, the amount of NH used, the expected 
application rate, the calibration setting on the rotary cali 
bration dials 31.1 and 31.2, the nurse tank level, the vehicle 
speed, and other related information on the console module 
user interface 270, and on the base console user interface 
208 in the integrated system 190. 

During manual operation of the rate meter controller 200, 
the accessory module 210 makes no automatic adjustments 
to the linear target application rate. The accessory module 
210 will only adjust the linear target application rate to a 
calibration on dial position on variable based on the input 
signals provided by the operator through switch 262. The 
accessory module 210 will continue to calculate the 
expected application rate based on the calibration dial posi 
tions 31.1 and 31.2, the ambient air temperature, and the 
delivery factor, for displaying on the console module user 
interface 270. In addition, the accessory module 210 will 
continue to pass sufficient data to the console module 250 for 
displaying the same information during manual operation as 
is displayed during automatic operation. 
The console module 250 and the accessory module 210 

preferably utilize interrupts for handling the transmission of 
data between the modules 250 and 210 as described in U.S. 
Pat. No. 5,260,875, and fully incorporated herein by refer 
ence. When the rate meter controller 200 is utilized as an 
independent system, it mimics the communication network 
ing, for the transmitting data between modules 210 and 250, 
that is used in the integrated system 190. Therefore, the 
explanation of data transmission in the U.S. Pat. No. 5,260, 
875 and discussion hereinafter, pertains equally to the rate 
meter controller independent or integrated system. The 
console module 250 transmits data to the accessory module 
every 32 milliseconds (or 0.032 seconds) when the system 
communication enters the rate meter controller designated 
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time slice within a new sector. Similarly, during the same 
designated time slice, within the same new sector, the 
accessory module 210 transmits data to the console module 
250. The designated time slice for transmitting data related 
to the rate meter controller generally permits the transmis 
sion of data pertaining to the control and operation of only 
one rate meter 30.1 or 30.2, during a sector. Thus, in the 
designated time slice of a new sector the accessory module 
210 and the console module 250 will transmit data pertain 
ing to the rate meter 30.1 or 30.2, about which data was not 
transmitted in the previous sector's designated time slice. In 
any one time slice, the console module 250 transmits the 
linear target application rate and the delivery factor pertain 
ing to one of the rate meters 30.1 or 30.2. In addition, the 
console module 250 transmits status flags related to auto 
matic or manual operation within the normal mode, whether 
switches 261 and 262 have been toggled, and other infor 
mation concerning the system. In the same time slice, the 
accessory module 210 transmits the calibration dial position, 
the expected application rate, and the temperature, pertain 
ing to the same rate meter 30.1 or 30.2. In addition, the 
accessory module 210 sends status flags related to the 
operational status of both rate meters 30.1 and 30.2, the 
operational status of both servo motors 57.1 and 57.2, the 
travel or rotation status of both servo motors 57.1 and 57.2, 
and other information concerning the system. The data in the 
status flags transmitted by the accessory module 210, per 
taining to both rate meters 30.1 and 30.2, is the only 
information sent on a time slice that pertains to both rate 
meters 30.1 and 30.1. The rest of the data transmitted on a 
particular time slice pertains only to one rate meter 30.1 or 
30.2. 

Logic Flow Rate Meter Controller 
FIGS. 18 and 19 are flow charts showing the primary 

program flow for the console module 250 and its "normal 
mode' of operation respectively, consistent with the present 
invention. FIGS. 20 and 21 are flow charts showing primary 
program flow for the accessory module 210 and its "normal 
mode' of operation respectively, consistent with the present 
invention. The code for the program flow shown in FIGS. 18 
and 19 is stored in the console module memory 253 for 
execution by processor 251, and the code for the program 
flow shown in FIGS. 20 and 21 is stored in the accessory 
module memory 213 for execution by processor 211. 
The overall operation of the code for executing the 

console module 250 of the rate meter controller 200 is 
shown generally in FIG. 18. Upon startup, the main routine 
100 executes an initialization routine 102 that performs 
general housekeeping functions such as setting flags, down 
loading data from the EEPROM 252, enabling communica 
tion over the bus 206, setting flags to indicate whether rate 
meter controller 200 is operating independently or as or as 
a subsystem of an integrated system, enabling the interrupts, 
and other initialization tasks. The operation of the initial 
ization routine 102 will vary depending upon the particular 
application, hardware and other variables utilized in the rate 
meter controller independent or integrated system. However, 
the code necessary to achieve proper initialization will be 
known by those skilled in the art. 
The main routine 100 generally cycles between a "normal 

mode' routine and "other mode” routines generally desig 
nated by the block 130. In the preferred embodiment, the 
main routine 100 cycles every 16 milliseconds (0.016 sec 
onds). The main routine 100 first determines whether the 
mode of operation is normal in block 109. If the mode of 
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operation is normal, the main routine 100 calls the normal 
mode routine 110. If the mode of operation is not normal, the 
main routine 100 checks for other modes of operation in 
block 130 and calls the appropriate subroutines or performs 
the appropriate functions. In the preferred embodiment, the 
other mode routines 130 consist of checking for calibration 
mode, automatic calibration mode, sub-base calibration 
mode and initialize mode and performing the appropriate 
mode-related routines or functions to handle the various 
modes of operation, previously discussed herein, but not 
shown in FIGS. 18 and 19. Ordinary system functions, such 
as appropriate calibration, while not shown, will be under 
stood to be present by those skilled in the art. Additionally, 
other routines and functions may be utilized in the main 
routine 100 to handle certain functions of the subroutines 
102, 110 and 130, and to handle timing and error checking 
functions. 
The code for executing the console module normal mode 

routine 110 is shown generally in FIGS. 19(a)-19(b). Gen 
erally, the normal mode routine 110 executes a particular 
function based on a loop counter interval, one (1) through 
eight (8). The normal mode routine 110 is called by the main 
routine 100 every 16 milliseconds (or 0.016 seconds). 
Because the loop counter has a total of eight (8) intervals, the 
functions associated with each interval are performed every 
128 milliseconds (or 0.128 seconds). Block 113 first decre 
ments the loop counter by one (1). Block 111 then checks the 
loop counter to determine whether it needs to be reset. If the 
loop counter equals zero (0), then block 112 resets it to eight 
(8) and the normal mode routine 110 then executes the 
particular functions associated with loop counter interval 
eight (8). If block 111 found the loop counter not equal to 
zero (0) then the normal mode routine 110 executes the 
particular functions associated with the corresponding loop 
counter interval. 

Block 114 checks if the loop counter equals eight (8). If 
the loop counter equals eight (8), then block 122 updates the 
area counter. The area counter is updated using the following 
equation: 

Area counter=Area counter+(Distance travelled since last update 
* Implement width) 

The distance travelled since the last update is determined 
whenever the speed is calculated. In the independent rate 
meter controller, when the speed is calculated in accessory 
module 210, the accessory module 210 also calculates the 
distance travelled variable and sends that data to the console 
module 250 on the same time slice as the speed variable. 
After calculating the area counter in block 122, block 123 
then updates an NH used counter and a tank level counter. 
The NH used counter is calculated by the following equa 
tion: 

NH used counter-NH used counter+(Expected application rate 
(g/sec) * 0.064 sec) 

The expected application rate variable in the above equation 
is transmitted by the accessory module 210 to the console 
module 250. When accessory module 210 sets the rotary 
calibration dial 31 at a particular setting based on pounds of 
nitrogen per hour, it computes the expected application rate 
in grams per second (shown in FIG. 21(a), block 162); and 
then transmits that information to the console module 250. 
Block 136 also uses the expected application rate to update 
the tank level using the following equation: 

Tank level=Tank level-(Expected application rate (g/sec) * 0.064 
sec) 

Although interval eight (8) of the loop counter is performed 
every 128 milliseconds (or 0.128 seconds), the expected 
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application rate is multiplied by 64 milliseconds (or 0.064 
seconds) because blocks 122, 123 and 136 are also per 
formed during loop counter interval four (4). Therefore, the 
area counter, the NH used counter and the tank level are 
actually being updated every 64 milliseconds (or 0.064 
seconds). Performing blocks 122, 123 and 136 at intervals 
eight (8) and four (4) of the loop counter is necessary 
because the volatile memory storage space used to retain the 
values for the associated counters in blocks 122, 123 and 
136 needs frequent updating to prevent an overflow in the 
storage space. As previously explained, the main routine 100 
passes through the normal mode routine 110 every 16 
milliseconds (or 0.016 seconds). Because the loop counter 
has a total of eight (8) intervals, each interval is performed 
every 128 milliseconds (or 0.128 seconds). With blocks 122, 
123 and 136 being executed at loop counter intervals eight 
(8) and four (4), these blocks are performed every 64 
milliseconds (or 0.064 seconds), thus decreasing the possi 
bility of overflow in the storage space. 

If the loop counter does not equal eight (8), block 115 
checks if the loop counter equals seven (7). If the loop 
counter equals seven (7), block 124 updates the display of 
the application rate on the LCD display 275 of the console 
module user interface 270. 

If the loop counter does not equal seven (7), block 116 
checks if the loop counter equals six (6). If the loop counter 
equals six (6), block 125 delays error messages if the tractor 
speed has changed by more than a predetermined amount, in 
order to allow the actuators 50.1 and 50.2 more time to 
adjust the rate meters 30.1 and 30.2 to compensate for the 
speed change. The preferred embodiment enables the error 
message delay in block 125 if the vehicle speed changes by 
more than fifteen percent (15%). However, any percentage 
of speed change could be utilized to give the actuators 50.1 
and 50.2 more time to compensate for the speed change. 
Block 126 then generates an error message if the expected 
application rate varies more than ten percent (10%) from the 
target application rate. Typically, this would occur if the 
servo motor stopped or if the target application rate was 
beyond the range of the calibration dials 31.1 and 31.2, if, 
for example, the vehicle speed increased such that the 
maximum setting on the calibration dials 31.1 and 31.2 
could not maintain the target application rate previously 
entered by the operator. 

If the loop counter does not equal six (6), block 117 
checks if the loop counter equals five (5). If the loop counter 
equals five (5), block 127 checks whether the system is in 
manual or automatic operation of the normal mode. If the 
system is in manual operation, block 127 bypasses any 
operative functions and goes to the end of the normal mode 
routine 110. If the system is in automatic operation, block 
128 checks whether the operator indicated a desire to 
increase or decrease the target application rate through 
switch 262. If the operator did not toggle switch 262, block 
128 bypasses any operative functions and goes to the end of 
the normal mode routine 110, If the operator did toggle 
switch 262, however, block 129 will adjust the target appli 
cation rate accordingly. If the operator toggled switch 262 to 
the negative switch position 262.2, block 129 will decrease 
the target application rate by... the delta rate adjustment 
previously entered by the operator, using the following 
equation: 

Target application rate=Target application rate-Delta rate adjust 
net 

Alternatively, if the operator toggled switch 262 to the 
positive switch position 262.1, block 129 will increase the 
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target application rate by the delta rate adjustment previ 
ously entered by the operator, using the following equation: 

Target application rate=Target application rate+Delta rate adjust 
rent 

The new target application rate will be transmitted to the 
accessory module 210 during the next data transmission 
interrupt. 

If the loop counter does not equal five (5), block 118 
checks if the loop counter equals four (4). If the loop counter 
equals four (4), then control passes to block 122 for updating 
the area counter, to block 123 for updating the NH used 
counter, and finally to block 136 for updating the tank level 
counter, as explained in the previous discussion related to 
loop counter interval eight (8). 

If the loop counter does not equal four (4), block 119 
checks if the loop counter equals three (3). If the loop 
counter equals three (3), then control passes to block 130 for 
updating the display of the tank level bar graph on the LCD 
display 275 of the console module user interface 270. 
Control then passes to block 131 for updating the display of 
the NH used, or the area covered display on the LCD 
display 275 of the console module user interface 270, and on 
the primary user interface 208 of the base console if the rate 
meter controller is used in an integrated system. 

If the loop counter does not equal three (3), block 120 
checks if the loop counter equals two (2). If the loop counter 
equals two (2), then control passes to block 132 for updating 
the target application rate to a linear value, using the 
following equation: 

Target application rate=Target application rate (g/m) * Implement 
width (m) 

The new target application rate is transmitted to the acces 
sory module 210 during the next data transmission interrupt, 
for adjusting the rate meters 30.1 and 30.2 if necessary. 
Thus, the accessory module 210 does not have to account for 
the widths of the implements in its calculations because the 
console module 250 performs this function. Control then 
passes to block 133 for updating the display of the speed 
and/or the temperature on the LCD display 275 of the 
console module user interface 270, and on the primary user 
interface 208 of the base console 202 if the rate meter 
controller is used in an integrated system. 

If the loop counter does not equal two (2), block 121 
checks if the loop counter equals one (1). If the loop counter 
equals one (1), then control passes to block 134 for calcu 
lating the active width of the implement. If the operator is 
using two rate meters 30.1 and 30.2, then the active width is 
calculated by simply adding together the implement widths 
associated with each rate meter 30.1 and 30.2. If the operator 
is using only one rate meter 30.1 or 30.2, then the active 
width is calculated using only the width of the implement 
associated with the rate meter being used. Control then 
passes to block 135 for updating the display of the calibra 
tion dial setting or for displaying an error message if one has 
been generated, on the LCD display 275 of the console 
module user interface 270. 
As will be appreciated by those skilled in the art, many of 

the functions performed in the normal mode routine 110 of 
the console module 250, could alternatively be performed in 
the accessory module 210. However, the preferred embodi 
ment utilizes splitting of certain functions between the 
console module 250 and the accessory module 210 in order 
to equalize the processing burden in the accessory module 
processor 211 and the console module processor 251. 
The overall operation of the code for executing the 

accessory module 210 of the rate meter controller 200 is 
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shown generally in FIG. 20. Upon startup, the main routine 
140 executes an initialization routine 142 that performs 
general housekeeping functions such as setting flags, down 
loading data from the EEPROM 252, enabling communica 
tion over the bus 206, enabling the actuators 50.1 and 50.2, 
enabling the interrupts, and other initialization tasks. The 
operation of the initialization routine 142 will vary depend 
ing upon the particular application, hardware and other 
variables utilized in the rate meter controller independent or 
integrated system. However, the code necessary to achieve 
proper initialization will be known by those skilled in the art. 
The main routine 140 generally cycles through a "calcu 

late speed" routine 146 and then either a "normal mode” 
routine 150 or “other mode” routines 170. In the preferred 
embodiment, the main routine 140 cycles every 32 milli 
seconds (or 0.032 seconds). After the initialization routine 
142, block 144 determines whether the sensed vehicle speed 
is supplied to the accessory module 210. Block 144 checks 
whether the speed sensor 90 is connected to the accessory 
module 210. If the speed sensor 90 is connected to the 
accessory module 210, then the speed is calculated in block 
146. If the system uses a magnetic speed sensor 90, the 
processor 211 may utilize a polling routine to read in the 
number of pulses sent by the magnets 92 attached around the 
wheel 95. However, if the circumference of the wheel 95 is 
too small, for example, less than or equal to 20 millimeters, 
then the magnetic pulses will be sent at a rate too fast for the 
polling routine in the processor 211. Therefore, the proces 
sor 211 may have to use an external counter to accumulate 
the magnetic pulses. The Intel microprocessor 8051, which 
is the processor used in the preferred embodiment of the 
present invention, has such an external counter. 

Block 148 then checks whether the mode of operation is 
normal. If the mode of operation is normal, the main routine 
140 calls the normal mode routine 150. If the mode of 
operation is not normal, the main routine 140 checks for 
other modes of operation in block 170 and calls the appro 
priate subroutines or performs the appropriate functions. In 
the preferred embodiment, the other mode routines 170 
consist of checking for calibration mode, automatic calibra 
tion mode and initialize mode and for performing the 
appropriate mode-related routines or functions to handle the 
various modes of operation, previously discussed herein, but 
not shown in FIGS. 20 and 21. Ordinary system functions, 
such as calibration, while not shown, will be understood to 
exist by those skilled in the art. Additionally, other routines 
and functions may be utilized in the main routine 140 to 
handle certain functions of the subroutines 142, 146, 150, 
and 170 and to handle timing and error checking functions. 
The code for executing the accessory module normal 

mode routine 150 is shown generally in FIGS. 21(a) and 
21(b). In block 151, if the time slice is not found, the 
calibration in the network among modules does not match, 
or the power is low, then block 152 disables the actuators 
50.1 and 50.2 and continues checking until the error(s) are 
corrected, or until the system power is turned off. Otherwise, 
block 153 will enable the actuators 50.1 and 50.2. Control 
then passes to block 154 where the A/D conversion begins 
for the temperature signals from the temperature sensors 
85.1 and 85.2, and the feedback signals from the actuators 
50.1 and 50.2. Also, if pressure sensors 86.1 and 86.2 are 
utilized, then block 154 begins the A/D conversion of their 
corresponding pressure signals. The processor 211 handles 
the receipt of the sensor and feedback data through inter 
rupts. 
Block 155 then determines whether the system is in 

automatic operation or manual operation. If the system is in 



5,574,657 
37 

automatic operation, then the normal mode routine 150 
generally cycles through several calculations to adjust the 
target application rate received from the console module 
250. First, block 156 uses the following equation to factor in 
the sensed vehicle speed: 

Target application rate with speed=Target application rate (g/m) * 
Speed (m/sec) 

Block 157 compensates for the delivery factor passed from 
the console module 250 and entered during calibration mode 
to account for uncontrollable variables such as, for example, 
plumbing differences in the actual applicator apparatus. 
Block 157 uses the following equation: 

Adjusted application rate=Target application rate with speed 
g/sec) * Delivery factor 

Finally, block 158 converts the adjusted application rate to 
compensate for the ambient air temperature changes which 
affect pressure, using the following equation: 

Calibration dial position=Adjusted application rate (g/sec) * Tem 
perature multiplier 

The temperature multiplier is determined by using the 
sensed ambient air temperature to reference a table in 
memory 213 with corresponding temperature multipliers, 
the temperature multipliers, which are used in the above 
equation to compensate for the changed system pressure 
resulting from the ambient air temperature changes. Then, 
block 159 sets an error flag if the calibration dial position is 
beyond its maximum calibrated position or below its mini 
mum calibrated position. Control is then routed to block 
162, which begins the common functions for automatic and 
manual operation, and which will be described after a 
discussion of the functions performed when the rate meter 
controller 200 is in manual operation. 

If the independent or integrated rate meter controller is in 
manual operation, then control passes from block 155 to 
block 160. Block 160 increases the calibration dial position 
if the switch 262 was toggled to the positive switch position 
262.1. However, if the switch 262 was toggled to the 
negative switch position 262.2, block 161 decreases the 
calibration dial position. Blocks 160 and 161 will increase 
and decrease, respectively, the calibration dial positions by 
as little as 1.0 actual nitrogen per unit area (typically 1 pound 
of nitrogen per acre) each time switch 262 is toggled. 
However, if the operator holds switch 262 in either the 
positive switch position 262.1 or the negative switch posi 
tion 262.2, then the appropriate block 160 or 161 will 
increase or decrease, respectively, the calibration dial posi 
tion at a faster rate each time the normal mode routine 150 
is executed. 

Control then passes to block 162, which begins a string of 
functions performed whether the operation is automatic or 
manual. Block 162 calculates the time-based expected appli 
cation rate to transmit to the console module 250, using the 
following equation: 

Expected application rate-(Calibration dial position/Delivery 
Factor)/Temperature Multiplier 

Block 163 checks whether the actuators 50.1 and 50.2 
reached their target positions during the previous cycle 
through the normal mode routine 150. If either actuator 50.1 
or 50.2 stopped before reaching its target position, block 163 
will run the actuators 50.1 and/or 50.2 in the opposite 
direction until they restart. 

Block 164 calculates the pulse width command to send to 
the actuators 50.1 and 50.2 for adjusting the rate meter 
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application rate based on the calibration dial position just 
calculated, using the following equation: 

Actuator position pulse width command=(Percentage of dial travel 
* (1st end pulse width command-2nd end pulse width com 
mand))+2nd end pulse width command 

First, block 164 looks up the percentage of dial travel in 
table stored in memory 213, based on the calibration dial 
position, converted to pounds of nitrogen per hour. The 1st 
end pulse width command is the output that results in the 
maximum actuator position movement. The 2nd end pulse 
width command is the output that results in the minimum 
actuator position movement. Block 164 uses these values in 
the above equation to find the actuator position pulse width 
command to rotate the actuators 50.1 and 50.2 by an amount 
that correspondingly rotates the calibration dials 31.1 and 
31.2 to the calculated calibration dial position. 

Finally, block 165 converts temperature to celsius for 
sending to the console module 250 for displaying on the 
LCD display 275 of the console module user interface 270, 
and then the normal mode routine ends. 

While the invention has been described with respect to 
several different embodiments thereof and with respect to 
specific types of components used therein, it will be under 
stood by those skilled in the art that the invention is not to 
be limited in any manner by the specifics of either the 
described embodiments or components. Such embodiments 
and components have been described to illustrate clear 
examples of how the principles of the invention can be 
specifically applied. All alternatives and modifications of the 
foregoing are intended to be covered within the broad scope 
of the appended claims. 
What is claimed is: 
1. An electronic rate meter controller for controlling 

dispensing of a meterable material by an applicator of the 
type having a rate meter that controls the rate of material 
flow through the applicator in direct response to movement 
of a manually adjustable primary control member, compris 
ing: 

(a) actuator means configured for operative mechanical 
connection to the manually adjustable primary control 
member of the rate meter and to receive an electrical 
control signal, for mechanically moving the manually 
adjustable primary control member in controlled 
response to said electrical control signal; said actuator 
means being operatively connectable to said manually 
adjustable primary control member without requiring 
structural changes to be made to the applicator or rate 
meter, and 

(b) electronic control means operatively connected to said 
actuator means for providing said electrical control 
signal to mechanically move the manually adjustable 
primary control member to desired control positions; 
wherein the rate of manual flow through the applicator 
is adjusted in real time in response to said electrical 
control signal. 

2. The rate meter controller as recited in claim 1, includ 
ing signal flow means operatively connecting said actuator 
means and said electronic control means in spaced-apart 
relationship to one another such that at least a portion of said 
electronic control means can be operatively remotely posi 
tioned relative to said actuator means. 

3. The rate meter controller as recited in claim 1, wherein 
said actuator means comprises: 

(a) a servo motor controllably energized in response to 
said electrical control signal for rotatably moving an 
output shaft; and 
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(b) mechanical linkage means configured to operatively 
connect said output shaft with the manually adjustable 
primary control member of said rate meter for moving 
the manually adjustable primary control member in 
response to movement of said output shaft. 

4. The rate meter controller as recited in claim 1, further 
including means for operatively mounting said actuator 
means to said rate meter. 

5. The rate meter controller as recited in claim 1, wherein 
said electronic control means includes memory means for 
storing data representative of control characteristics of the 
rate eter. 

6. The rate meter controller as recited in claim 5, wherein 
said electronic control means further include user interface 
means for receiving user input relating to the control char 
acteristics of the rate meter, for transforming said user input 
to said data representative of control characteristics, and for 
transmitting said data representative of control characteris 
tics to said memory means. 

7. The rate meter controller as recited in claim 1, wherein 
said actuator means produces an actuator status signal and 
wherein said electronic control means comprises: 

(a) processor means suitable for connection with memory 
means, user interface means, and actuator interface 
means, for accessing program code and data stored in 
said memory means, for receiving user input informa 
tion from and providing status and control information 
to said user interface means, for generating said elec 
trical control signal in response to a received said 
actuator status signal and to said user input informa 
tion, 

(b) memory means operatively connected to said proces 
sor means, for storing program code and data used in 
generating said electrical control signal for said actua 
tor means, and used in generating said status and 
control information for said user interface means; 

(c) user interface means operatively connected to said 
processor means, for displaying said status and control 
information received from said processor means relat 
ing to application of material whose flow is metered by 
the rate meter, and for receiving and transmitting said 
user input information to said processor means, to 
enable remote user control of the rate meter, and 

(d) actuator interface means operatively connected to said 
processor means and said actuator means for condi 
tioning and transmitting said electrical control signal 
from said processor means to said actuator means, and 
for conditioning and transmitting said actuator status 
signal from said actuator means to said processor 
CalS. 

8. The rate meter controller as recited in claim 7, further 
comprising communication means for operatively connect 
ing said electronic control means to an integrated electronic 
system that manages a plurality of agricultural devices in 
which said electronic rate meter controller forms a sub 
system of the integrated electronic system, wherein said 
communication means allows communication between the 
electronic rate meter controller and said plurality of agri 
cultural devices of the integrated electronic system. 

9. The rate meter controller as recited in claim 7, further 
comprising run/hold sensor means, operatively connected to 
said electronic control means, for detecting an on state and 
an off state of said rate meter and for providing an electrical 
run/hold signal indicative of such on and off states to said 
electronic control means. 

10. The rate meter controller as recited in claim 9 wherein 
said electronic control means further includes program 
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means and wherein said processor executes said program 
means in response to said electrical run/hold signal, to 
compute the total area over which material metered by the 
rate meter was applied. 

11. The rate meter controller as recited in claim 7 in which 
said actuator means further comprises: 

(a) actuator feedback means, operatively connected to 
said actuatorinterface means, for generating said actua 
tor status signal representing the real-time position of 
the manually adjustable primary control member; 

(b) wherein said electronic control means further includes 
program means; and 

(c) wherein said processor executes said program means 
responsive to said actuator status signal, for displaying 
on said user interface means, a representation of the 
real-time position of the manually adjustable primary 
control member. 

12. The rate meter controller as recited in claim 7 further 
comprising: 

(a) a speed sensor means, electrically connected to said 
electronic control means, for sensing movement speed 
of the applicator, for generating an electrical speed 
signal indicative of the sensed speed, and for providing 
the electrical speed signal to said electronic control 
IleanS 

(b) wherein said electronic control means further includes 
program means; and 

(c) wherein said processor executes said program means 
responsive to said electrical speed signal for generating 
said electrical control signal for said actuator means 
adjusted for the sensed applicator speed. 

13. The rate meter controller as recited in claim 7 further 
comprising temperature sensor means, electrically con 
nected to said electronic control means, for sensing ambient 
air temperature, for generating an electrical temperature 
signal indicative of the sensed ambient air temperature, and 
for providing the electrical temperature signal to said elec 
tronic control means. 

14. The rate meter controller as recited in claim 13 
wherein said electronic control means further includes pro 
gram means; and wherein said processor executes said 
program means responsive to said electrical temperature 
signal, for generating said electrical control signal for said 
actuator means adjusted for the sensed ambient air tempera 
ture; wherein said ambient air temperature is correlatable to 
pressure within the applicator dispensing system for said 
meterable material. 

15. The rate meter controller as recited in claim 14 further 
comprising: 

(a) a speed sensor means, electrically connected to said 
electronic control means, for sensing movement speed 
of the applicator, for generating an electrical speed 
signal indicative of the sensed speed, and for providing 
the electrical speed signal to said electronic control 
means, 

(b) wherein said electronic control means further includes 
program means, and 

(c) wherein said processor executes said program means 
responsive to said electrical speed signal and said 
electrical temperature signal for generating said elec 
trical control signal for said actuator means adjusted for 
the sensed movement speed and for the sensed ambient 
air temperature. 

16. The rate meter controller as recited in claim 7 further 
comprising pressure sensor means, electrically connected to 
said electronic control means, for sensing pressure in the 
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applicator dispensing system containing material whose 
flow is metered by the rate meter, for generating an electrical 
pressure signal indicative of the sensed system pressure, and 
for providing the electrical pressure signal to said electronic 
control means. 

17. The rate meter controller as recited in claim 16 
wherein said electronic control means further includes pro 
gram means; and wherein said processor executes said 
program means responsive to said electrical pressure signal, 
for generating said electrical control signal adjusted for 
system pressure. 

18. The rate meter controller as recited in claim 16 further 
comprising: 

(a) speed sensor means, electrically connected to said 
electronic control means, for sensing movement speed 
of the applicator, for generating an electrical speed 
signal indicative of the sensed speed, and for providing 
the electrical speed signal to said electronic control 
means, 

(b) wherein said electronic control means further includes 
program means; and 

(c) wherein said processor executes said program means 
responsive to said electrical speed signal and said 
electrical pressure signal for generating said electrical 
control signal for said actuator means adjusted for the 
sensed movement speed and the sensed system pres 
SC. 

19. The rate meter controller as recited in claim 1 wherein 
the manually adjustable primary control member includes a 
rotatable shaft member that is manually adjustable; and 
wherein said actuator means is configured for operative 
mechanical connection to said rotatable shaft member. 

20. The rate meter controller as recited in claim 19 
wherein said actuator means further comprises a mechanical 
arm, configured and arranged to rotate the manually adjust 
able primary control member shaft member in response to 
said electrical control signal. 

21. The rate meter controller as recited in claim 1, wherein 
the manually adjustable primary control member comprises 
a linearly movable member, and wherein said actuator 
means is configured for operative connection to said linearly 
movable member. 

22. The rate meter controller as recited in claim 1, wherein 
said actuator means includes means for generating status 
information relating to operational status of said actuator 
means, and wherein said electronic control means com 
prises: 

(a) accessory module means, operatively connected to 
receive said status information from said actuator 
means, for generating said electrical control signal 
responsive to said status information and to a received 
console output signal, and for generating an output 
status and control signal indicative of information and 
parameters related to said accessory module means, 
said actuator means and the rate meter; and 

(b) console module means operatively connected to said 
accessory module means, and configured for accessi 
bility by a user and to operatively receive user input 
information for displaying information to a user in 
response to said output status and control signal and to 
said user input information, and for generating said 
console output signal responsive to said user input 
information; whereby a user can remotely control and 
monitor operation of the rate meter from said console 
module means. 

23. A system for managing a plurality of agricultural 
devices, one of said plurality of agricultural devices having 
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an applicator for dispensing a meterable material by means 
of a rate meter that controls the rate of material flow through 
the applicator in response to movement of a manually 
adjustable primary control member, the system comprising: 

(a) user interface means for selectively displaying status 
and control information associated with the plurality of 
agricultural devices and for receiving user input infor 
mation for selectively controlling operation of the 
plurality of agricultural devices; and 

(b) electronic integrated system control means, opera 
tively connected between said user interface means and 
the plurality of agricultural devices, for identifying 
each agricultural device to be managed, for storing 
program code and data, for accessing stored program 
code and data associated with each identified agricul 
tural device, for receiving user input information from 
said user interface means, for generating electrical 
control signals controlling the plurality of agricultural 
devices and for providing said status and control infor 
mation to said user interface means; 

(c) wherein said electronic integrated system control 
means comprises an electronic rate meter controller for 
controlling said one of said plurality of agricultural 
devices, comprising: 
(i) actuator means configured for operative mechanical 

connection to the manually adjustable primary con 
trol member of the rate meter and to receive an 
electrical control signal, for mechanically moving 
the manually adjustable primary control member in 
controlled real time response to said electrical con 
trol signal; and 

(ii) electronic control means operatively connected to 
said actuator means for providing said electrical 
control signal to mechanically move the manually 
adjustable primary control member to desired con 
trol positions; wherein the rate of material flow 
through the applicator is adjustably controlled in real 
time in response to said electrical control signal. 

24. A method for automatically controlling an applicator 
connected rate meter of the type that has a manually adjust 
able primary control member that changes the flow rate of 
material through the rate meter when adjustably moved, 
comprising: 

(a) sensing changes in at least one parameter, the variance 
of which affects the desired flow rate of the rate meter; 

(b) providing an electrical input signal in response to the 
at least one sensed parameter changes; 

(c) electronically providing an electrical control signal in 
response to said electrical input signal, said electrical 
control signal varying in real time with said changes in 
said an least one sensed parameter, 

(d) converting said electrical control signal to a discrete 
calibrated mechanical force; 

(e) mechanically coupling the manually adjustable pri 
mary control member of the rate meter to receive said 
discrete calibrated mechanical force; and 

(f) automatically moving the manually adjustable primary 
control member in response to said discrete calibrated 
mechanical force; wherein the flow rate of material 
through the rate meter is controllably changed in real 
time response to changes in said at least one sensed 
parameter. 

25. The method of claim 24 wherein said discrete cali 
brated mechanical force is provided by a moving shaft 
member of an actuator, and wherein the step of mechanically 
coupling the manually adjustable primary control member 
includes: 
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(a) mounting said actuator adjacent the rate meter; and 
(b) providing mechanical linkage between said moving 

actuator shaft and the manually adjustable primary 
control member of the rate meter. 

26. The method of claim 24, further including the steps of: 
(a) sensing changes in a plurality of said parameters; 
(b) providing a plurality of said electrical input signals in 

response respectively to the plurality of sensed param 
eter changes; and 

(c) providing said electrical control signal in response to 
said plurality of said electrical input signals, wherein 
the flow rate of the rate meter is automatically changed 
in real time response to the changes in said plurality of 
said parameters. 

27. A method of retrofitting an applicator apparatus of the 
type having a manually controllable rate meter that controls 
the rate of material flow through the applicator system, for 
a desired user real-time control by an electronic control 
means, without altering those portions of the applicator 
apparatus through which the material flows, comprising the 
steps of: 

(a) providing said electronic control means for producing 
an electrical control signal that characterizes the 
desired user real-time control of the manually control 
lable rate meter; 

(b) providing an actuator that responds to a received 
electrical control signal and produces a calibrated 
mechanical output force in response to said received 
electrical control signal; 

(c) operatively connecting said electronic control means 
with said actuator for transfer of said electrical control 
signal to said actuator, and 

(d) mechanically securing said actuator in operative prox 
imity to a manually adjustable primary control member 
of the manually controllable rate meter for movement 
of the manually adjustable primary control member in 
response to said calibrated mechanical output force. 

28. The combination of an automatic control apparatus 
with an anhydrous ammonia applicator apparatus of the type 
suitable for pulling by a tractor over a surface to which the 
anhydrous ammonia is being applied, the applicator appa 
ratus comprising: 

(a) a pressurable tank for holding the anhydrous ammo 
n1a, 

(b) at least one applicator head for applying the anhydrous 
ammonia in or onto the surface; 
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(c) plumbing means for operatively interconnecting the 

pressurable tank and the at least one applicator head in 
fluid communication; 

(d) a rate meter interposed in said plumbing means for 
controllably regulating the flow of anhydrous ammonia 
to the at least one applicator head, said rate meter 
having manually adjustable mechanical control means 
of the type normally adjusted by a user; and 

(e) transport means suitable for connection to a tractor for 
operatively carrying the applicator apparatus elements 
(a) through (d) above, on and for movement relative to 
the surface; and 

said automatic control apparatus comprising: 
(a) user interface means configured for a mounting to a 

tractor pulling said applicator apparatus, for receiving 
user input information representing a desired applica 
tion rate for the anhydrous ammonia to the surface and 
for displaying information related to the applicator 
apparatus operation for the user; 

(b) electronic means operatively connected to said user 
interface means for providing an electrical output con 
trol signal responsive to said user input information, 
and 

(c) actuator means operatively connected to receive said 
electrical output control signal and suitable for opera 
tive mechanical connection to the manually adjustable 
mechanical control means of the rate meter, for auto 
matically mechanically controlling adjustment of said 
rate meter so as to cause the anhydrous ammonia 
dispensed by said applicator head to achieve the desired 
application rate; wherein said mechanical connection 
of the actuator means to said manually adjustable 
mechanical control means of the rate meter requires no 
alterations to be made to those portions of the pres 
surable tank, applicator head, plumbing means or rate 
meter through which the anhydrous ammonia flows. 

29. The combination as recited in claim 28, wherein the 
rate of flow of the anhydrous ammonia through said plumb 
ing means and said rate meter is affected by at least one 
variable parameter such as temperature; and wherein said 
automatic control apparatus further comprises at least one 
sensor for sensing said one variable parameter and for 
providing a sensed output signal in response thereto, and 
means responsive to said sensed output signal for automati 
cally adjusting the rate meter in response thereto; whereby 
the desired application rate is automatically maintained with 
variation in said one variable parameter. 


